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SAMPLE DESIGN

The estimates for each of the 19 SMSA's
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month.

Data for a second group of 21 SMSA's
were collected for the AHS from April
1975 through March 1978, and for a
third group of 20 SMSA's, from April
1976 through March 1977, The sample
housing units for each group of SMSA’s
will be enumerated every three years on a
rotating basis.

The four largest SMSA's in each group
are represented separately by a sample of
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15,000 designated housing units evenly
divided between the central city and the
batance of the respective SMSA. All
remaining SMSA's are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA's in the first
group {Year | SMSA’s) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif,, and Washington,
D.C.-Md.-Va.

The remaining SMSA’s in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa Ana Garden Grove,
Calif,, Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minn., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittshurgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichita, Kans.

In the/’A‘I'b'-zﬁ\‘\FScpenectady-Trov,
N.Y., SMSA, 4,940 sample housing units
were eligible_for_interview. Of this num-
ber, 180 interviews were not obtained
because, for occupied housing units, the
occupants were not at home after re-
peated visits or were unavailable for some
other reason; or, for vacant units, no in-
formed respondent could be found after
repeated visits.-In-addition=to-units elig-
ible for interview, 470 units werg)visited
and found to_ be ‘condemned, unfit,
demolished, converted to group guarters
use, etc., and, therefore, were not eligible
for interview.

Selection of the sample.The AHS sample
for the Albany-Schenectady-Troy SMSA
was selected from three sample frames:
Housing units enumerated in the 1970
Census of Housing and Population in
areas under the jurisdiction of permit-issu-
ing officas for this SMSA (the permit-issu-
ing universe}, units constructed since the
1970 census in permit-issuing areas (the
new construction universe), and units lo-
cated in areas not under the jurisdiction of

permit-issuing offices (the nonpermit
universe). Sampling operations, described
in the following paragraphs, were per-
formed separately within the central city
and the balance of this SMSA for each of
these sample frames. The overall sampling
rate was about the same for the sample
selected from both the central city and
the balance of this SMSA since the
sample was distributed proportionately
between the central city and the balance
of this SMSA according to the distri-
bution of total units in each sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro)’, and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
foltlowing table.

TENURE
Household Owner Renter
income Family size| Family size
12345+ 12345+
Under $3,000 . . . .
$3000-$5999 . . .
$6,000-%$9,999 . . .
$10,000-$14999 .
$15,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED} within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
would produce an expected four sampie
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe}. The sample selection was an
independent operation within this SMSA,
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four {usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices (i.e., the nonpermit
universe). The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas. Prior to this sample

selection, the ED's were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size:
Group quarters
Number of housing population in

units in 1870 1970 census ED
census ED 3

4

The sample ED’s were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four {usually adjacent)
housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of -enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1870 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
rermoved from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration). For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above, Since the ad-
dresses for these sample units were

known to exist in 1970, the AHS inter-

viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses {i.e., lost units in struc-

- tures in which some, but not all, of the

units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
{usually adjacent) housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained (i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing
inventory that existed at the time of the
1970 census) are based on either
20-percent, 15-percent, or 5percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970,
Each type of estimate employed a sepa
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a three-stage
ratio estimation procedure, However, prior
to implementation of this proctdure, the
basic weight ({i.e., the inverse of the
probability of selection} for each inter--
viewed sample housing unit was adjusted
to account for the 180 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio:

App-27



APPENDIX B—Continued

Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA. Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permit-issuing universe
(where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated), one noninterview cell for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified as being built April 1,
1970, or later, were considered as new
construction units for the purpose of the
noninterview adjustment.

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the permit-issuing universe.
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned above., The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20Q-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing, offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight (i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the
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variatior in sample size for strata used in
the sample selection for the permit-
issuing universe. Ordinarily, this would
have been controlled by sampling within
the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-
issuing universe. Thus, some variation in
sample size was introduced during the
AHS sample selection process.,

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-
struction units {i.e., conventional units
built after April 1970}, new mobile
homes {i.e., mobile homes placed after
Aprit 1970), or “other addition” units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error).

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS samgle estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction
[T+

New mobilehomes . . .. ... ..
“Other additions”. . . .. ... ..

The numerators of the ratios "were
derived by applying the following fac-
tors: {1} For the *“conventional new
constructior units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; (2} for
the ‘new mobile homes” cell, a 1970
census relationship between total new

construction and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the
‘‘other additions” cell, rates from
SCARF! for “‘other additions” was ap-
plied,

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure,: The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The third-stage ratio estimation proce-
dure was employed for all sample units.
This procedure was designed to'adjust the
AHS sample estimate of the October
1974 housing inventory for this SMSA to
a final independent estimate of the Octo-
ber 1874 housing inventory. This ratio
estimation factor equaled the following:

Independent estimate of the October
1974 housing inventory for the SMSA
AHS sample estimate of the housing
inventory

The numerator of the ratio was
derived by using 1970 census estimates of
total housing units for the SMSA 'in
conjunction with estimates of the change
in the housing inventory since the census.
These changes were based mostlv on
administrative records from utility com-
panies, or, when utility data was not
available, on estimates of new construc-
tion permits and post-census demolitions.
The denominator of that ratio was
obtained from the weighted estimate of
AHS sample units, using the existing

~weight after the second-stage ratio estima-

tion procedure. The computed third-stage
ratio estimation factor was then applied to
the existing weight for each sample unit
and the resulting product was used as the
final weight for tabulation purposes.

The effect of the third-stage ratio
estimation procedure, as well as the over-

1 SCARF denotes the Survay of Componants
of Change and Residential Finance, a survey
conducted in 1957-1959 by the Census

Bureau.
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all estimation procedure, was to reduce
the sampling error for maost statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement
with a more reliable estimate of the
SMSA housing population,

In some of the Year | SMSA's, the
third-stage ratio estimation procedure
was not employed. The relisbility of
this independent estimate varied by
SMSA, depending on the completeness of
the utility data or the permit-demolition
data. However, a measure of the relia-
bility (i.e., the relative bias}) of these
independent estimates was available based
on a comparison between the 1970 cen-
sus estimate of the April 1970 housing
inventory and the April 1970 inde-
pendent estimate of the housing in-
ventory generated from the procedure
used to produce .the QOctober 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA’s where the
estimated relative bias was low enough
{i.e., 3 percent or less over a 10-year
period) to preclude the possibility of
doing more harm than good to the survey
results.

For this SMSA, this independent esti-
mate was employed because it was con-
sidered reliable (i.e., its relative bias was
3 percent or less over the 10-year period
1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 19701974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was

adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal 1o the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bHity of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume [, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy” of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this

survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors {nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
gssentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
a'verage result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
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clude the average result of all possible
samples.

The average result of all possible samples
may or may not be. contained in any
particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed interval.-

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table H
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1870-1974. Linear interpolation
should be used to determine the standard
error for estimates not specifically shown
in tables | and I1.

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the pércentage is. based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
0, = the standard.error of
the numerator
(;lV = the standard error of

- the denominator

The standard error of the percentage
{i.e., (100} {x/y)} is approximately equal

to
(100} (x/y) /(xi:g)z -Qﬁz)i

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-
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‘TABLE |, Standard Errors for Estimated Num-
ber of Housing Units in the 1974 Housing In-
ventory for the Albany-Schenectady- Troy SMSA

{68 chances gut of 100)

Size of | Standard | Size of | Standard
estimate error estimate error
100 70 | 10,000 720
200 100 | 25,000 1,100
500 160 { 50,000 1,480
1,000 230 {100,000 1,820
2,500 370 {250,000 760
5,000 510

TABLE |I. Standard Errors for Estimated
Number of 1970-1974 Lost Units for the

Albany-Schenectady-Troy SMSA
{68 chances out of 100)
Size of | Standard | Size of | Standard
estimate error estimate error
100 80 2,500 400
200 110 3,500 480
500 170 5,000 580
700 200 7.500 740
1,000 250 | 10,000 880
1,500 300 | 12,700 1,030

estimates the ‘standard error of the ratio
when there is little or no correlation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus (—) to
plus (+).

Hlustration of the use of the standard
emror tables.—Table 2 in part C of this
report shaws that in this SMSA there
were 19,600 specified owner-occupied
housing units with two bedrooms in
1974, Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
960, Consequently, the 68-percent confi-
dence interval is from 18,640 to 20,560
housing units. Therefore, a conclusion
that the average estimate of 1974 speci-
fied owner-occupied housing units with
two bedrooms, derived from all possible
samples, lies within a range computed in
this way would be correct for roughly 68

percent of all possible samples. Similarly,
we could conclude that the average esti-
mate derived from all possible samples
lies within the interval from 18,060 to
21,140 housing units with 90 percent
confidence; and that the average estimate
ties within the interval from 17,680 to
21,520 housing units with 95 percent
confidence,

Table 2 in part C also shows that of
the 19,600 specified owner-occupied
housing units with two bedrooms, 3,500
or 17.9 percent, were valued between
$15,000 and $19,999. Table | of this
appendix shows that the standard error
for 3,600 is approximatety 430. There-
fore, using the formula for the standard
error of a percentage (as shown in the
paragraph preceding table | of this
appendix), the standard error of 17.9 per-
cent is approximately 2.0 percentage
points:

3500}
79,600/

Fl 2
2.o=-nom( (3 4303 90

500] ~\19,600)

~ Consequently, the 68-percent confidence

interval, as shown by these data, is from
15.9 to 19.9 percent; the 90-percent con-
fidence interval is from 14.7 to 21.1 per-
cent; and the 95-percent confidence inter-
val is from 13.9 to 21.9 percent.

Differences.—The standard errors shown
are not directly applicable 1o differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

fllustration of the computation of the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that in
1974 there were 1,400 specified owner-
occupied units with two bedrooms valued
between $10,000 and $14,999,
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Thus the apparent difference between the
number of 1974 owner-occupied units
with 3 or more bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 2,100.
The standard error of 3,600 is 430, as
shown above. Table | also shows the
standard error on an estimate of 1,400 to
be approximately 270. Therefore, the
standard error of the estimated difference
of 2,100 is about

503=+/(430)? + {270)2

Consequently, the 68-percent confidence
interval for the 2,100 difference is from
1,590 to 2,610 housing units, Therefore,
a conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in

this way would be correct for roughly 68 |
percent of all possible samples. Similarly, -

the 90-percent confidence interval is from
1,280 1o 2,920 housing units, and the
95-percent confidence interval is from
1,080 to 3,120. Thus, we can conclude
with 95 percent confidence that the num-
ber of 1974 owner-occupied housing
units with two bedrooms, valued between
$15,000 and $19,999 is greater than the
number of units valued between $10,000

and $14,999 since the 95-percent confi- °

dence interval does not include zero or
negative values.

Medians,—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data: . '
{1) From table | or Il in conjunction
with the formula for the standard
error of a percentage, determine the

standard error of a 50-percent charac-

teristic on the base of the median;

{2) add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

{3} using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points eéstablished in step 2,

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values,

Hlustration of the computation of the
standard error of a median.~Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $24,600 in 1974,
The base of the distribution from which
this median was determined is 19,600
housing units.

1. Table 1, in conjunction with the
formula for the standard error of a
percentage, shows that the standard
error of B0 percent on a base of
19,600 is 2.7 percentage points:

- g.800\ /ff 710% [ 960\
2'7-“00)(19,600) (65850 —(19.600)

2. To obtain a two-standard-error con-
fidence interval on the estimated
median, add to and subtract from 50
percent twice the standard error deter-
mined in step 1. This yields percentage
limits of 44.6 to 55.4.

3. From table 2 in part C of this re- '

port it can be seen by cumulating the
frequencies for the first four categories
that 6,000 owner-occupied housing
units with two bedrooms, or 30.6 per-
cent, had a value less than $20,000;
and an additional 4,000 owner-
occupied units with two bedrocoms, or
20.4 percent, had a value between

_the 95-percent confidence

$20,000 and $24,999: and an
additional 7,000, or 35.7 percent, had
a value between $25,000 and $34,999.

By linear interpolation, the lower limit of
interval is
found to be about

520,000 + {$525,000-$20,000} (%;m's) = $23,400

Similarly, the upper limit of the 95
percent confidence interval is found to be
about

65.4-30.6-20.4

$25,000 + {$35,000-5$25,0001 ( = ) = §26,200

Thus, the 95-percent confidence interval
ranges from $23,400 to $26,200.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtaih information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well,

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error, However, an attempt was made
to measure some of theé nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

1970 census.—Several studies were con-
ducted to measure two types of general
errors—“coverage” errors and ‘“‘content”
errors—associated with 1970 census
estimates,

The “coverage” errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or.in which
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they were counted more than once
{overenumerated). Space errors usually
are the largest component of housing
coverage error.

2. Definitional errors.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
recéived by the ower, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated wunits; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The ‘content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unrefiable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1870 Census of
Population and Housing, Evaluation and
Research Program  Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E)-10,
Accuracy of Data for Selected Housing
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Characteristics as Measured by Reinter-
views. Same of the results are presented
for the country as a whole below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.5
percent”; i.e,, for each 100 units that
were fnally enumerated in the census,
an estimated 2.5 were missed.
(PHC(E)-b, p.3}

2. "The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-

fourth of the errors occurred within -

structures included in the census and
about three-fourths were due to
missed structures. {(PHC{E)-5, p.4)
3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” {PHC(E)-5, p.11}
4, .“’Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
{PHC(E)-5, p. 16) Approximately 16.5
percent of all units initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant.
{PHC(E)-5, p. 15)
5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently - than those in multi-unit
structures.” {PHC{(E)-10, p.6) The
above statement applied to the follow-
ing items:
a. heating fuel
. renters paying extra for utilities
end/or fuel
. bathtub or shower
. flush toilet
. telephone availability
. year structure built
. value of home
. seasonal vacancy status

“~ o a0 o

T o

“Heating fuel, year structure built,
and vilue of home are more con-

. sistently reported for units with a

non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E}-10, p. 8)

The resutts of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error, The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents' of the nonsampling error associ-
ated with the AHS estimates, A reinter-
view program was conducted for a sample
of the AHS households. These households
were revisited and answers to some of the
guestions on the AHS questionnaire were
obtained again. The original interview and

. the reinterview were assumed to be two

independent readings and, thus, were the
basis for the measurement of the
accuracy of the AHS data collected from
enumerated households.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview: )

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built™ was obtained.

4. The correct information on “Ten-
ure’’ was obtained.

5. The correct information on "House-
hold Composition’” was obtained.
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “Oc-
cupancy Status” was obtained.

This check was made for interviewer
evaluation and control, That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
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The results of this study are presented
in the following census memorandum,

“Reinterview Results for Annual Housing

Survey-SMSA Sample; 1974,

Some of -the results of this study are
presented below. (Please note that these
results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA.)

1. “The results indicate that the in-
terviewers are doing a good job. From
a total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household compaosition, and 6 in con-
tent reinterview.”

2. A moderate level of inconsistency
in responses existed between the orig-
inal interview and the reinterview for
most of the items setected for the re-
interview. The items with the higher

levels of inconsistency tended to be.

the attitude and opinion items which
were expected to have higher in-
consistency levels.

3. "Our bias indicator, the net differ-
ence rate, revealed 7 categories out of
78 (78 from a total of 87 categories
had enough data to compute reliable
measures of response error) were
significantly different from zero.”

The results of this study were based on
sample data so there is sampling error
asscciated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the

With respect to errors of coverage and
estimation for missing data, it is believed

results.

that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new maobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued prior to 1970
would have been completed by the time
of the 1970 census (i.e., April 1970)
and, therefore, would have been repre-
sented in the sample selected from 1970
census units, However, it has been esti-
mated that, nationally, there were about

600,000 conventional new construction

units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 1,800 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey, This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA.,

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes {and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do

come into sample if the mobile homes

are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample. Although .
it is not known exactly, it is estimated
that approximately 1,200 new mobile
hormes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA, This estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1970, and mobile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey,
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SAMPLE DESIGN

The estimates for each of the 19 SMSA’s
are based on data collected from the
1974 Annual Housing Survey {AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month.

Data for a second group of 21 SMSA's
were collected for the AHS from April
1875 through March 1976, and for a
third group of 20 SMSA's, from April
1976 through March 1977. The sample
housing units for each group of SMSA's
will be enumerated every three years on a
rotating basis.

The four largest SMSA’s in each group
are represented separately by a sample of
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15,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA’s are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA’s in the first
group (Year | SMSA’s) are: Boston,

Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va.

The ' remaining SMSA's in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa Ana Garden Grove,
Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St,
Paul, Minn,, Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichita, Kans.

In the Anahmml\na Garden
Grove, Calif., SMSA 4,940 sarnple hous-
ing units were ellg:ble_for'lﬁrwew. Of
this number, 1B0 interviews were not
obtained because, for occupied housing
units, the occupants were not at home
after repeated visits or were unavailable
for some other reason; or, for vacant
units, no informed respondent could be

£
units eligible for interview, 150 units
were visited and found to be condemned
W
unfit, demolished, converted=—to™group
quarters use, etc., and, therefore, were
not eligible for interview.

found after repeated visits‘l'ﬁ‘é&?ﬁ'ﬁ’r’l‘.tOD

Selection of the sample,—The AHS sam-
ple for the Anaheim-Santa Ana-Garden
Grove, Calif., SMSA was selected from
two sample frames—units enumerated in
the 1970 Census of Housing and Popula-
tion (the 1979 census universe) and units
constructed since the 1970 census (the
new construction universe).. Sampling
operations, described in the following
paragraphs, were performed separately
within the central city and the balance of

this SMSA for each of these sample
frames. The overall sampling rate used to
select the AHS sample for the SMSA was
chosen so that the desired designated
sample size would result. Thus, the over-
all sampling rate was about the same for
the sample selected from both the central
city and balance of this SMSA, since the
sample was distributed proportionately
between the central city and balance of
this SMSA according to the distribution
of total units in each sector,

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1870 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters., Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro}, and the vacant housing unit .
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the

~ following table.

TENURE
Household Cwner | Renter

income Family size| Family size

12345+ {12345+
Under $3,000 . , . .
$3,000-$5999 ., .,
$6,000-$9,999 . . .
S10,000—$14,999_ .
$15,000 and over . .,
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census _ tract and census enumeration
district {(ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at ea_ch of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size,

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 {i.e., the new construction
universe}. The sample selection was an
independent operation within this SMSA,
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four (usually
adjacent) housing units were formed,
These clusters were then sampled for
inclusion at the overall sampling rate.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventary at the time of the AHS
enumeration). For the 1970 census uni-

verse, the sample upon which these esti-
mates were based was the regular AHS
sample described above, Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses {i.e., lost units in struc-
tures in which all holjsing units were
removed from the inventory) and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

1970 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census} are based on either
20-percent, 15-percent, or 5-percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970,
Each type of estimate employed a sepa-
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a three-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight (i.e,, the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjusted
to account for the 180 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio:

Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA., Within each sector a noninterview
factor was computed separately for b4
noninterview cells for sample housing
units from the 1970 census universe
{where the cells consisted of one or more
of the different strata used in the strati-
fication of the universe as previously illu-
strated), and one noninterview cell for
new construction sample housing units.

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the 1970 census universe.
This factor was computed separately for
all sample housing units within each
1970 census universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
1970 census universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight {i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for
each sample unit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the
variation in sample size for strata used in
the sample selection for the 1970 census
universe. Ordinarily, this would have been
controlled by sampling within the strata
during the sample selection process. How-
ever, prior to the AHS sample selection
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within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the 1970 census universe.
Thus, some variation in sample size was
_ introduced during the AHS sample selec-
tion process.
The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-

struction units {i.e., conventional units -

built after April 1970), new mobile
homes [i.e., mobile homes placed after

“April 1970), or “other addition” units .

{i.e., units added by conversion of 1970
units or from other sources}. This proce:
dure was designed to adjust. the AHS
sample estimates of such units to

independently derived current estimates

available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error}.

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction
units, . .. L e e e e

The numerators of the ratios were
derived by applying the following fac-
tors: {1} For the *“conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 huild-
ing permits issued in this SMSA: {2} for
the “new mobile homes” cell, a 1970
census relationship between total new
construction and new inobile homes that

existed in this SMSA for the 1965-1970

period was applied; and (3) for the
“‘other additions” cell, rates from

App-28

plied.

The denominators of the ratios were

obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure, The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The thirc-stage ratio estimation proce-
dure was employed for all sample units.
This procedure was designed to adjust the
AHS sample estimate of the October
1974 housing inventory for this SMSA to
a final independent estimate of the Octo-
ber 1974 housing inventory. This ratio
estimation factor equaled the following:

Independent estimate of the October

1974 housing inventory for the SMSA

AHS sample estimate of the housing
inventory

The numerator of the ratic was
derived by using 1970 census estimates of
total housing units for the SMSA in
conjunction with estimates of the change
in the housing inventory since the census,
These changes were based mostly on
administrative records from utitity com-
panies, or, when utility data was not
available, on estimates of new construc
tion permits and post-census demolitions.
The denominator of that ratio was
obtained from the weighted estimate of
AHS sample units, using the existing
weight after the second-stage ratio estima
tion procedure. The computed third-stage
ratio estimation factor was then applied to
the existing weight for each sample unit
and the resulting product was used as the
fina! weight for tabulation purposes.

The effect of the third-stage ratio
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by

1 SCARF denotas the Survey of Components
of Change and Residential Finance, a survey
conducted in 1957-1959 by the Cansus
Bureau, -

o S_CARF' fér "othér additions’’ was ap; ' simply w;aigﬁting the results of the sample ‘

by the inverse of the probability of
selection, Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement
with a more reliable estimate of the
SMSA housing population.

In some of the Year | SMSA's, the
third-stage ratio estimation procedure
was not employed. The reliability of
this independent estimate varied by
SMSA, depending on the completeness of
the utility data or the permit-demolition
data, However, a measure of the relia-
bility (i.e., the relative bias) of these
independent estimates was available based
on a comparison between the 1970 cen-
sus estimate of the April 1970 housing
inventory and the April 1970 inde-
pendent estimate of the housing in-
ventory generated from the procedure
used to produce the October 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA’s where the
estimated relative bias was low enough
{i.e., 3 percent or less over a 10-year
period} to preclude the possibility of
doing more harm than good to th'e_z survey
results.

For this SMSA, this independent esti-
mate was employed because it was con-
sidered reliable (i.e., its relative bias was
3 percent or less over the 10-year period
1960-1970),

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain.
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-

tor was equal to the following ratio:
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Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The *“accuracy’ of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this
survey is one of a large number of
possible samples of the same size that
could have been selected using the same

sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible sampiles.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors (nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples:

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average result of all possible
samples.

The average result of all possible samples |
may or may not be contained in any -
particular computed interval. For a partic-
ular sample, however, one can say with '
specified confidence that the average
result of all possible samples is included
in the constructed interval,

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
emrors that would be applicable 10 a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides -
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table 1 presents the standard errors
applicable to estimates of characteristics _
of the 1974 housing inventory. Table 1)
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
error for estimates not specific?lly shown

in tables | and 1.
|

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula: '

Let x = the numerator
y = the denominator
oy = the standard error of
the numerator
g = the standard error of

the dengminator

The standard error of the percentage
{i.e., {100} (x/v}) is approximately equal

to
{100} (x/y) /(;5)2 —(;’_2)2

The standard errors of x and vy should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-

'
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TABLE 1. Standard Errors for Estimated
Number of Housing Units in the 1974 Housing
Inventory for the Anaheim-Santa Ana-Garden
Grove SMSA

{68 chances out of 100)

Size of | Standard | Size of | Standard
estimate error estimate error
© 200 160 | 25,000 | .1730
500 250 { 50,000 2,400
1,000 350 | 100,000 3,230
2,500 560 |250,000 4,260
5,000 790 {500,000 3,120
10,000 1,110
TABLE 1), Standard Errors for Estimated

Number of 1970-1974 Lost Units for the
Anaheim-Santa Ana-Garden Grove SMSA

{68 chances out of 100}

Size of | Standard | Size of | Standard
estimate error estimate error
100 100 1,500 410
200 150 2,500 540
500 240 |- 3,500 650
700 280 5,000 790
1,000 340 6,000 870

estimates the standard error of the ratio
when there is little or. no corretation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus {=) to
plus (+).

Hiustration of the use of the standard
error tables.—Table 2 in part C of this
report shows that in this SMSA there
were 68,300 specified owner-occupied

housing units with five rooms in 1974.-

Interpolation in table | of this appendix
shows that the standard error of an esti-
mate of this size is approximately 2,700.
Consequently, the 68-percent confidence
interval is from 65,600 to 71,000 housing
units, Therefore, a conclusion that the
average estimate of 1974 specified
owner-accupied housing units with five
rooms, derived from all possible samples,
lies within a range computed in this way
would be correct for roughly 68 percent
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of all possible samples, Similarly, we
could conclude that the average estimate
derived from all possible samples ties
within the interval from 63,980 to
72,620 housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 62,900 to
73,700 housing units with 95 percent
confidence,

Tabie Z in part C also shows that of
the 68,300 specified owner-occupied
housing units with five rooms, 1,300, or
1.9 percent, were valued between
$15,000 and $19,999. Table | of this
appendix shows that the standard error

“for 1,300 is approximately 390. There-

fore, using the formula for the standard
error of a percentage {as shown in the
paragraph preceding table | of this
appendix), the standard error of 1.9 per-
cent is approximately 0.6 percentage
points:

_ 1,300) 390)2 ( 2,700) 2
08 “00’( 58,300 \/(1,300 ~ \B63.300

Consequen=ly, the 68-percent confidence
interval, as shown by these data, is from

" 1.3 to 2.5 percent; the 90-percent confi-

dence interval is from 0.9 to 2.9 percent;
and the 95-percent confidence interval is
from 0.7 to 3.1 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formuta is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’'s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hlustration of the computation of the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that in
1974 there were 200 specified owner-
occupied units with five rooms valued

~ between $10,000 and $14,999. Thus the

apparent difference between the nurnber
of 1974 owner-occupied units with five
rooms valued between $10,000 and
$14,999 and those valued between
$15,000 and $19,999 is 1,100. The stand-
ard error of 1,300 is 390 as shown above.
Table | also shows the standard error on
an estimate of 200 to be approximately
160. Therefore, the standard error of the
estimated difference of 1,100 is about

420 =/ (390)% + (160)2

Consequently, the 68-percent confidence
interval for the 1,100 difference is from
680 to 1,520 housing units. Therefore, a
conclusion that the average estimate, de-
rived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible sampies. Similarty,
the 90-percent confidence interval is from
430 to 1,770 housing units, and the 95-
percent confidence interval is from 260
to 1,940, Thus, we can conciude with
95 percent confidence that the number of
1974 owner-occupied housing units with
b rooms, valued between $15,000 and
$19,999 is greater than the number of
units valued between $10,000 and
$14,999 since the 95-percent confidence
interval does not inctude zero or negative
values,

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is-
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
ties within the interval, The following
procedure may be used to estimate confi-
dence limits of a2 median based on sample
data:

(1) From table I or Il in conjunction
with the formula for the standard
error of a percentage, determine the
standard error of a 60-percent charac-
teristic on the base of the median;
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(2) add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

(3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

flustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the median
value of oOwner-occupied housing units
with five rooms was $33,200 in 1974,
The base of the distribution from which
this median was determined is 68,300
housing units.

1. Table I, in conjunction with the
formula for the standard error of a
percentage, shows that the standard
error of 50 percent on a base of
68,300 is 2.1 percentage points:

_ 34,150\ / 1980\ [ 2,700)’
21 (1001(58_3%)\/\34,,50; ~ 168,300

2. To obtain a two-standard-error con-
fidence interval on the estimated med-
ian, add to and subtract from 50 per-
cent twice the standard error deter-
mined in step 1. This yields percentage
limits of 45,8 to 54,2

3. From table 2 in part C of this re-
port it can be seen by cumulating the
frequencies for the first five categories
that 6,700 owner-occupied housing
units with five rooms, or 9.8 percent,
had a value less than $25,000; and an
additional 33,400, or 489 percent,
had a value between $25,000 and
$34,999.

By linear interpolation, the lower limit of
the 95-percent confidence interval is found
to be about

45.8-9.8

$25,000 + ($10,000) ( 289 ) = $32,400

Simitarly, the upper limit of the 95-
percent confidence interval is found to
be about

$25,000 + ($10,000) (‘5%) = $34,100

Thus, the 95—percent.confidence interval
ranges from $32,400 to $34,100.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well.

Obtaining a measurement of the total
nonsamplingerror associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS SMSA
sample.

1970 census.—Several studies were con-
ducted to measure two types of general
errors—"coverage” errors and “content”
errors—associated with 1970 census
estimates,

The “‘coverage’’ errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
they were counted more than once
{overenumerated). Space errors usually

are the largest component of housing
coverage error.

2. Definitional errors.—This type of *
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire, The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family,
Since only one questionnaire was
_received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperiy enumerated as
occupied and vice versa.

The ‘content” error measured the
accuracy of the data collected for enum-
grated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on

-the census questionnaire, In these studies,

content errars were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research  Program - Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E)}-10,
Accuracy of Data for Selacted Housing
Characteristics as Measured by Reinter-
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views. Some of the results are presented

for the country as a whole below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.5
percent”; i.e., for each 100 units that
were finally enumerated in the census,
an estimated " 25 were missed.
{PHC(E)-5, p.3)
2. “The occupied space missed rate
for the total United States in 1870 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. (PHC{E)-5, p.4}
3. "in 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” (PHC{E)-5, p.11)
4, ."Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as wvacant were

" caused by enumerator error."”
{PHC(E}-5, p. 16) Approximately 16.5
percent of all units initially enumer-
ated as wvacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant.
{PHC(E)-5, p. 15}
5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in  multi-unit
structures,” (PHC(E}-10, p.6) The
above statement applied to the follow-
ing items:

a. heating fuel
b. renters paying extra for utilities

" and/or fue!

. bathtub or shower

. flush toilet

. telephone availability

year structure built

. value of home

. seasonal vacancy status

T A0 a0

“Heating fuel, year structure built,
and. value of home are more con-
sistently reported for units with a
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non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC{E)-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the compon-
ents of the nonsampling error associated
with the AHS estimates. A reinterview
program was conducted for a sample of
the AHS households, These households
were revisited and answers to some of the
questions on the AHS guestionnaire were
obtained again. The original interview and
the reinterview were assumed to be two
independent readings and, thus, were the
basis for the measurement of the accu-
racy of the AHS data collected from enu-
merated households,

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built”’ was obtained.

4. The correct information on “"Ten-
ure’’ was obtained.

5. The correct information on ““House-
hold Compaosition” was obtained.
6. The correct information on "“Type
of Housing Unit” was obtained.
7. The correct information on “'QOc-
cupancy  Status” was obtained.

This chec< was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-

view with regard to the above items.

The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974.”

Some of the results of this study are
presented below. {Please note that these
results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA.)

1. “The results indicate that the inter-
viewers are doing a good job. From a
total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household composition, and 6 in con-
tent reinterview.”’

2. A moderate leve! of inconsistency
in responses existed between the orig-
inal interview and the reinterview for
most of the items selected for the rein-
terview. The items with the higher *
fevels of inconsistency tended td be
the attitude and opinion items which
were expected to have higher incon-
sistency levels.

3. “Our bias indicator, the net differ-
ence rate, revealed 7 categories out of
78 (78 from a total of 87 categories
had enough data to compute reliabie
measures of response error) were sig-
nificantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results,

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, onily those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued prior to 1970
would have been completed by the time
of the 1970 census (i.e., April 1970)
and, therefore, would have been repre-

sented in the sample selected from 1970
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census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 12,400 conven-
tional new construction units in this
SMSA bhad permits issued prior to Janu-
ary 1970 and, therefore, were missed by
the 1974 AHS-SMSA survey. This esti-
mate was obtained by applying the
national relationship, between the num-
ber of units authorized by 1968 and 1969
permits and the number of those units
built after Apri} 1970, to the number of
units authorized by the 1968 and 1969
permits for this SMSA,

In addition, unlike the procedure for
conventional new construction, there is

no sampling procedure specifically for
new mobile homes {and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do
come into sample if the mobile homes

are located in mobile home parks, identi- |

fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample, Although
it is not known exactly, it is estimated
that approximately 7,200 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1865
and 1970, and mobile homes built be-

tween 1965 and 1970, to the AHS |

estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of personhs, and median’
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey. .
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SAMPLE DESIGN

The estimates for each of the 19 SMSA's
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of

The four largest SMSA’s in each group

are represented separately by asample of ’

16,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA’s are each represented
by a sampte of 5000 designated housing
units distributed proportionately between
the central city and the balance of the
respective SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA’s in the first
group (Year | SMSA’s) are: Boston,

Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va.

The remaining SMSA's in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa Ana-Garden Grove,
Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minn., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichita,_Kans.

In the Boston, Mass., SMS , 14,400
sample housing units were el g@,for
interview. Of this number, 740 interviews
were not obtained because, for occupied
housing units, the occupants were not at
home after repeated visits or were un-
available for some other reason; or, for
vacant units, no informed respondent
could be found after repeated visits. In

the Census, acting as collection agent for/addltlon‘to\unlts eligible for interview,

the Department of Housing and Urban

1,450 units were visited and found to be

v
Development. In each of the 19 SMSA’ s\._condemned unfit, demolished, converted

the data were collected during a 12-
month period from April 1974 through
March 1975 with one-twelfth of the
sampie units being visited each month.

Data for a second group of 21 SMSA's
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA's, from April
1976 through March 1977. The sample
housing units for each group of SMSA’s
will be enumerated every three years on 2
rotating basis.
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to group quarters use, etc., and, there-
fore, were not eligible for interview,

Selection of the sample.—The AHS sam-
ple for the Boston, Mass., SMSA was se-
lected from two sample frames—units
enumerated in the 1970 Census of Hous-
ing and Pooulation (the 1970 census uni-
verse} and units constructed since the

1970 census (the new construction uni- .

verse). Sampling operations, described in

the following paragraphs, were performed -

separately within the central city and the
balance of this SMSA for each of these
sample frames. The overall sampling rate
used to select the AHS sample for the
SMSA was chosen so that the desired

designated sample size would result. The |

overall sampling rate for the SMSA did

différ by central city and balance, since

the sample for this SMSA was split
equally between the central city and the
balance of the SMSA,

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro), and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each wnit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Household Owner Renter
income Family size] Family size
12345+ [12345+
Under $3,000 . . . .
$3,000-%5999 , , .
$6,000-$9,999 ., . .
$10,000—$14,999 .
$15,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {ED)} within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How
ever, at the time of enumeration the units
,at each of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe}. The sample selection was an
independent operation within this SMSA,
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four ({usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

Building loss sample selection,—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration). For the 1970 census

universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

1970 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing
inventory that existed at the time of the
1970 census} are based on either

" 20-percent, 15-percent, or 5-percent sam-

ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION
. The AHS-SMSA sample produced esti-

mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970,
Each type of estimate employed a sepa
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a two-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight {i.e., the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjusted
to account for the 740 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-

lowing ratio:

Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

Within this SMSA, the factor was com-
puted separately for sample housing units
within the central city and within the
balance of the SMSA. Within each sector
a noninterview factor was computed
separately for 54 noninterview celis for
sample housing units from the 1970 cen-
sus universe {where the cells consisted of
one or more of the different strata used
in the stratification of the universe as
previously illustrated), and one noninter-
view cell for new construction sample
housing units.

The first-stage ratio estimation proced-
ure was employed for all sample housing
units from the 1970 census universe. This
factor was computed separately for all
sample housing units with each 1970 cen-
sus universe noninterview cell mentioned
above. The ratio estimate factor for each
cell was equal to:

1970 census count of housing units from
1970 census universe in a cell

AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices, The
dencminators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight {i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for
each sample unit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the
variation in sample size for strata used in
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the sample selection for the 1970 census
universe. Ordinarily, this would have been
controlled by sampling within the strata
during the sample selection process. How-
ever, prior to the AHS sample selection
within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the 1970 census universe.
Thus, some variation in sample size was
introduced during the AHS sample selec-
tion process.

. The second-stage ratio estimation
procedure was employed for.all sample
units that were conventional new con-
struction units {i.e., conventional units
built after April 1970), new mobile
homes (i.e., mabile homes placed after
April 1970}, or “other addition” units
{i.e., units added by conversion of 1970
units or from ather sources). This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in"the AHS sample
with regard to representation of these
units (see the section on nonsampling
ermror),

The second-stage ratio estimation fac-

" tors were computed separately for each
of the cells in the table betow using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction
units.

New mobile homes . , .. ... ..
“Qther additions”. . . ., ..., .

The numerators of the ratios were
derived by applying the following fac-
tors: {1) For the ‘conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 uild-
ing permits issued in this SMSA; (2} for
the ““new mobile homes” cell, a 1970
" census relationship between total new
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construction and new mobile homes that
existed in this SMSA for the 1965-1970

period was applied; and (3} for the
‘‘other additions” cell, rates from
SCARF! <or “other additions’” was ap-
plied. .

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The effect of the second-stage ratio
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of selec-
tion. Since the housing population of the
sample differed somewhat by chance
from the SMSA as a whole, it can be
expected that the sample estimates will
be improved when the sample housing
population is brought into agreement
with known estimates of the SMSA hous-
ing population.

In some of the Year | SMSA's, a third-
stage ratio estimation procedure was aiso

employed. This procedure involved the

ratio estimation of the AHS weighted
sample estimate of the October 1974
housing inventory to an independent esti-
mate of the SMSA’s October 1974 hous-
ing inventary. This estimate was derived
by using the 1970 census estimate of the
April 1970 housing inventory in conjunc-
tion with an estimate of change in the
housing inventory since the census, based
on either administrative records from
utility companies {where available) or
estimates of new construction permits and
post-census domolition data. The reliabil-
ity of this independent estimate varied by
SMS5A, depending on the completeness of

! SCARF denotes the Survey of Components
of Change and Residential Finance, a survey
conducted i 1957-1959 by the Census
Bursau.

* losses.

the utility data or the permit-demolition
data. However, a measure of the relia-
bility (i.e., the relative bias) of these
independent estimates was available based
on a comparison between the 1970 cen-
sus estimate of the April 1970 housing
inventory and the April 1970 .inde-
pendent estimate of the housing in-
ventory generated from the procedure
used to produce the October 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA's where the
estimated relative bias was low enough
(i.e., 3 percent or less over a 10-year
period} to preclude the possibility of
doing more harm than good to the survey
results.

For this SMSA, this independent esti-
mate was not employed because of the
lack of reliability of the estimate (i.e., the
bias was more than three percent over the
10-year period, 1960-1970).

.1970-1974 lost units.—The estimate of

characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above, The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratic estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal 10 the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting.the results of
the sample by the inverse of the proba-
bility of selection,
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Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Poputation and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detaited
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume ' I, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy’ of a
survey estimate is determined by the joint
- effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
" with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1,

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this
survey
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other,
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates

the average result of all possible samples. -

o )

is one of a large number of

the
standard error also partially measures the
variation in the estimates due to response

As calculated for this report,

and enumerator errors (nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-

pends on both the sampling and non-

sampling errors, measured, by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were

selected, each of these surveyed under -

essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average result of all possible
samples.

The average result of all possibte samples
may or may not be contained in any
particular computed interval, For a partic-
ular sample, however, one can say with
specified confidence that the average

result of all possible samples is included -

in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this

SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table 11
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
error for estimates not specifically shown
in tables | and Il.

The retiability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
o, = the stand\ard error of
the numerator
o = the standard error of

the denominator

The standard error of the percentage
{i.e., {100) {x/y}) is approximately equal

to
(100) (x/y) /(;)2 {yiafz)2

The standard errors of x and y should be
obtained from the appropriate standard
error tables, For ratios, where x is not a
subclass of y, the above formula under-

estimates the standard error of the ratio

when there is little or no correlation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus (=} to
plus {+}.
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*TABLE I. Standard Errors for Estimated Num-
ber of Housing Units in the 1974 Housing In-
ventory for the Boston, Mass., SMSA, for the
Central Cities and for the Balance of the SMSA

{68 chances out of 100}

Standard error

Size of Not in
estimate SMSA In c_ef: tral central
cities Y
cities
200.... 120 80 140
500.... 180 130 230
700. ... 220 150 270
1,000 .. 260 180 320
2,500 .. 410 290 510
5,000 .. 580 410 710
7,500 .. 710 500 870
10,000 . - 820 570 1,000
25,000 . 1,280 870 1,570
50,000 . 1,780 1,170 2,180
75,000 . 2,150 1,410 2,620
100,000 2,450 1,610 2,970
250,000 3,510 — 4,070
500,000 3,860 - 4,450
750,000 3,160

TABLE Ii. Standard Errors for Estimated Num-
ber of 1970-1974 Lost Units for the Boston,
Mass.,, SMSA, for the Central Cities and for
the Balance of the SMSA '

{68 chances out of 100}

Standard error
Size of
. Notin
estimate SMSA In 1;.e‘ntral central
cities o

cities
100. ... 70 50 T a0
200.... 100 80 130
500.... 160 120 | 210
700.... 190 140 250
1,000 .. 230 170 300
2,500 .. |. 360 270 470
3,600 .. 430 330 560
5,000 .. 520 390 680
7,500 .. - 640 490 850
10,000 . 740 570 1,000
15,000 . 920 720 -
25,000 . 1,220 — —
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Hiustration of the use of the standard
error tables.—Table A-2 in part C of this
report shows that in this SMSA there
were 67,000 specified owner-occupied
housing units with two bedrooms in
1974. Interpolation in column 1 of table

I of this appendix shows that the stand-.

ard error of an estimate of this size is
approximately 2,030, Consequently, the
68-percent confidence interval is from
64,970 to 69,030 housing units. There-
fore, a conclusion that the average esti-
mate of 1974 specified owner-occupied
housing units with two bedrooms, derived
from all possible samples, lies within a
range computed in this way would be
correct for roughly ©68 percent of all
possible samples, Similarly, we could con-
clude that the average estimate derived
from all possible samples lies within the
interval from 63,750 to 70,250 housing
units with 90 percent confidence; and
that the average estimate lies within the
interval from 62,940 to 71,060 housing
units with 95 percent confidence.

Table A-2 in part C also shows that of
the 67,000 specified owner-occupied
housing units with two bedrooms, 4,800,
or 7.2 percent, were valued between
$156,000 and $19,999. Column 1 of table
| of this appendix shows that the stand-
ard error for 4,800 is approximately 570.
Therefore, using the formula for the
standard error of a percentage {as shown
in the paragraph preceding tabie | of this

. appendix}, the standard error of 7.2 per-

cent is approximately 0.8 percentage
points:

' 4,800 570\* 2,030\ °
0.8=(100) (67,000) \/61,800) - (57:000)

Consequently, the 68-percent confidence
interval, as shown by these data, is from
6.4 to 8.0 percent; the 90-percent confi-
dence interval is from 5.9 to 8.5 percent;
and the 95:percent confidence interval is
from 5.6 to B.8 percent.

Differences.—The standard errors shown

‘are not directly applicable to differences

between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of

the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for -
the difference between estimates of the |
same characteristic in two different
SMSA’'s or the difference between sepa-
rate_and uncorrelated characteristics in |
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-

 estimate the true error.

Hlustration of the computation of the
standard error of a difference.—Table A-2
in part C of this SMSA report shows that
in 1974 there were 2,000 specified
owner-occupied units with two bedrooms
valued between $10,000 and-$14,999,
Thus the apparent difference between the
number of 1974 owner-occupied units
with two bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 2,800
The standard error of 4,800 is 570 as
shown above. Table | also shows the
standard error on an estimate of 2,000 1o
be approximately 360. Therefore, the
standard error of the estimated difference
of 2,800 is about

670 =+/ (570)? + (360)?

Consequently, the 68-percent confidence
interval for the 2,800 difference is from
2,130 to 3,470 housing units. Therefore,

" a conclusion that the average estimate,

derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 80-percent confidence interval is from
1,730 to 3,870 housing units, and the
96.percent confidence interval is from
1,460 to 4,140. Thus, we can conclude
with 95-percent confidence that the num-
ber of 1974 owner-occupied housing
units with two bedrooms, valued between
$15,000 and $19,999 is greater than the
number of units valued between $10,000
and $14,999 since the 95-percent confi-
dence interval does not include zero or
negative values.

Medians.—For the medians presented in

certain tables, the sampling error depends
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on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data: .

(1) From table | or !l in conjunction

with the formula for the standard

error of a percentage, determine the
standard error of a b0-percent charac-
teristic on the base of the median;

(2) add to and subtract from 50 per-
cent, the standard errar determined in
step 1; and

(3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values,

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

Hlustration of the computation of the
standard error of a median. —Table A-2 in
part C of this report shows the rmedian
value of owner-occupied housing units
with two bedrooms was $31,700 in 1974,
The base of the distribution from which
this median was determined is 67,000
housing units.

1. Table I, in conjunction with the
formuia for the standard error of a
percentage, shows that the standard
error of 50 percent on a base of
67,000 is 1.5 percentage points:

_ 33,500 1,450\2 2,030)2
"5‘”00)(67,000) sfés,soo) - (67,000

2. To obtain a two-standard-error con-
fidence interval on the estimated med-
ian, add to and subtract from 50 per-
cent twice the standard error deter-
mined in step 1. This yjelds percentage
limits of 47.0 to 53.0.

3. From table A-2 in part C of this
report it can be seen by cumulating
the frequencies for the first five cate-
gories that 15600 owner-occupied
housing units with two bedrooms, or
. 23.3 percent, had a value ‘less than
$25,000; and an additional 26,700,
owner-occupied housing units with
two bedrooms, or 39.9 percent had a
value between $25,000 and $34,999.

By linear interpolation, the lower limit of
the 95-percent confidence interval is found
to be about

$25,000 + ($10,000) (”'g;%) - $30,900

Similarly, the upper limit of the 95
percent confidence interval is found to
be about
525000 + 510,000 (2523 - 53400
39.9 ]
Thus, the 95-percent confidence interval
ranges from $30,900 to $32,400.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficuities,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling

errors are not unique to sample surveys .

since they can, and do, occur in complete
censuses as well. ’

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population

and Housing and the 1974 AHS-SMSA
sample.

1970 census.—Several studies were con-
ducted to measure two types of general
errors—’''coverage” errors and “content”
errors—associated with 1970 census
estimates,

The “coverage” errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which

they were counted more than once
(overenumerated). Space errors usually
are the largest component of housing
coverage error.

2. Definitional errors.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.,

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The “content” error measured the
accuracy of the data collected for enum;
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Hougeholds originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.
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2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
survays.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research Program  Reports, Series
PHC{E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E}-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.5
percent’’; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 2.5 were missed.
(PHC(E)-5, p.3)

2. "The occupied space missed'rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. (PHC{E)-5, p.4)

3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” {PHC(E)-5, p.11)
4, .”’Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
(PHC{E)-5, p. 16) Appraoximately 16.5
percent of all units initially enumer-
ated as vacant should have been

enumerated as occupied, and about.

0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant,
{PHC(E)-5, p. 15)

5. “Generally, owners reported hous-
ing data mare consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
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sistently than those in multi-unit
structures.” (PHC(E)-10, p.6} The
above statement applied to the follow-
ing items:

a. heating fuel

b. renters paying extra for utilities
and/or fuel
bathtub or shower
flush toitet
telephone availability
year structure built
. value of home
. seasonal vacancy status

Sw -0 Qo0

“Heating fuel, year structure built,
and value of home are more con-

sistently reported for units with a

non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E)-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error assaciated with these estimates of
nonsampling error. The possibility of

such errors should be taken into account.

when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA

sample, a study was conducted to obtain’

a measurement of some of the com-
ponents af the nonsampling error associ-
ated with the AHS estimates. A reinter-
view program was conducted for a sample
of the AHS households. These households
were revisited and answers to some of the
questions on the AHS questionnaire were
obtained again. The original interview and
the reinterview were assumed to be two
independent readings and, thus, were the
basis for the measurement of the accu-
racy of the AHS data collected from enu-
merated households.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. Thecorrect unit was visited.
2. The correct number of housing
units were interviewed at that address.

3. The correct information on “Year
Built'’ was obtained.

4, The correct information on “Ten-
ure’’ was obtained.

5. The correct information on “House-
hold Composition” was obtained.
6. The correct information on “Type
of Housing Unit" was obtained.
7. The correct information on “Oc-
cupancy  Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
The results of this study are presented

in the following census memorandum, .

“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974,

Some of the results of this study are
presented below. {Please note that these
results are based on the reinterviews
across all Year | SMSA's and not specifi-
cally for this SMSA.}

1. “The results indicate that the inter-
viewers are doing a good job. From a
total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household composition, and 6 in con-
tent reinterview.”

2. A moderate level of inconsistency
in responses existed between the
original interview and the reinterview
for most of the items selected for the
reinterview. The items with the higher
tevels of inconsistency tended to be

the attitude and opinion items which ;

were expected to have higher in-
consistency levels. :
3. “Our bias indicator, the net dif-
ference rate, revealed 7 categories out
of 78 {78 from a total of 87 categories
had enough data to complete reliable
measures of response error) were sig-
nificantly different from zero.”

The results of this study were based on ‘

sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
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that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new

construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued prior to 1970
would have been completed by the time
of the 1970 census (i.e., April 1970}
and, therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
(most of which were issued in 1968
and ' 1969). Atthough it is not known
exactly, an estimated 5,800 conventiona!
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974

AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA.

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes {and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do
come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated
that approximately 400 new mobile

homes in permit-issuing areas were missed

by the 1974 AHS-SMSA survey in this
SMSA. This estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1970, and mobile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the.
data, the severity of which depends on
the statistic being measured, The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results

“of the survey,
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SAMPLE DESIGN

The estimates for each of the 19 SMSA’s
are based on data collected from the
1974 Annual Housing Survey {AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month.

Data for a second group of 21 SMSA’s
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA’s, from April
1976 through March 1977. The sample
housing units for each group of SMSA’s
will be enumerated every three years on a
rotating basis.

The four largest SMSA's in each group
are represented separately by a sample of
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15,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA, All
remaining SMSA’s are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective SMSA based on the distri-
bution of total housing units in each
sector. :

The four largest SMSA's in the first
group ({Year | SMSA’s) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va. '

The remaining SMSA's in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa AnaGarden Grove,
Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minn., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichita, Kafs:

"In the Dallas, Texas, SMSA {4,790
sample housing units were eligible~for
interview. Of this number, 120 interviews
were not obtained because, for occupied
housing units, the occupants were not at
home after repeated visits or were un-
available for some other reason; or, for
vacant units, no info_rmed respondent
could be found after repeated visits. In
to units eligible for interview,
320 units) were visited and found to be
condemnéd, unfit, demolished, converted
to group quarters use, etc., and, there-
fore, were not eligible for interview.

Selection of the sample.—The AHS sam-
ple  for the Dallas, Texas, SMSA was
selected from three sample frames:
Housing units enumerated in the 1970
Census of Housing and Population in
areas under the jurisdiction of permit-
issuing offices for this SMSA {the permit-
issuing universe}, units constructed since
the 1970 census in permit-issuing areas
(the new construction universe), and
units located in areas not under the
jurisdiction of permit-issuing offices (the

‘nonpermit universe). Sampling opera-.

tions, described in the following para
graphs, were performed separately within
the central city and the balance of this
SMSA for each of these sample frames.
The overall sampling rate was about the
same for the sample selected from both
the central city and the balance of this
SMSA since the sample was distributed
proportionately between the central city
and the balance of this SMSA according
to the distribution of total units in each
sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records,
Before the sample was selected from
records_of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro), and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Household Owner Renter
income Family size| Family size
12345+ 123456+
Under $3,000 . . . .
$3,000-$5999 . . .
$6,000-$9,999 . . .
$10,000—-$14,999 .
$16,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size. )

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a: rate that
would produce an expected four sample
_units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new (construction
universe). The sample selection was an
independent operation within this SMSA.
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four (usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices (i.e., the nonpermit
universe). The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas. Prior to this sample

selection, the ED's were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size:
Group quarters
Number of housing population in

units in 1970 1970 census ED
census ED 3

4

The sample ED's were then divided
into segments; i.e,, small land areas with
well-defined boundaries having an ex-
pected size of four (usually adjacent)
housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration). For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample wunits were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses {i.e,, lost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses {i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
{usually adjacent) housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained (i.e., lost
units in structures in which all housing
units were removed from.the inventory).

1970 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory-{i.e., the housing
inventory that existed at the time of the -
1970 census} are based on either
20-percent, 15-percent,.or 5-percent sam-
ple data collected in April 1970 for the
Decennial Census of -Population and
Housing. A detailed description<of the
sample design employed for (the 1970
census can be obtained in the 1970
Census of Housing report, Volume I,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970,
Each type of estimate employed a sepa
rate, though similar, estimation procedure:
as described below. ;

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a three-stage

" ratio estimation procedure. However, prior

to implementation of this procedure, the
basic weight (i.e., the. inverse of the
probability of selection} for each inter-
viewed sample housing unit was adjusted
to account for the 120 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio:
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Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA., Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permit-issuing universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated), one noninterview cetl for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified as being built April 1,
1970, or later, were considered as new
construction units for tha_- purpose of the
noninterview adjustment.

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the permit-issuing universe.
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight (i.e., the basic weight times the
noninterview , factor), The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
sponding first-stage ratic estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the
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variation in sample size for strata used in
the sample selection for the permit-
issuing universe. Ordinarily, this would
have been controlled by sampling within
the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-

" issuing universe. Thus, some variation in

sample size was introduced during the
AHS sample selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-

struction units (i.e., conventional units

built after April 1970}, new mobile
homes (i.e., mobile homes placed after
April 1970), or “other addition” units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error).

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Sooond-Stagb Ratio Estimation Cells

Conventional new construction
units, . ... 00 e e e

New mobilehomes . . .. ... ..
“Other additions”. . . .. .....

The numerators of the ratios were
derived bv “applying the following fac-
tors: (1) For the “conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; (2) for
the “new mobile homes” cell, a 1970
census relationship between total new

construction and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and {3) for the

*other additions™ cell, rates from
SCARF! for “other additions” was ap-
plied,

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure, The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The third-stage ratio estimation proce-
dure was employed for all sample units.
This procedure was designed to adjust the
AHS sample estimate of the October
1974 housing inventory for this SMSA to
a final independent estimate of the Octo-
ber 1974 housing inventory. This ratio
estimation factor equaled the following:

Independent estimate of the October
1974 housing inventory for the SMSA
AHS sample estimate of the housing
inventory

The numerator of the ratio was
derived by using 1970 census estimates of
total housing units for the SMSA in
conjunction with estimates of the change
in the housing inventory since the census.
These changes were based mostly on
administrative records from utility com-
panies, or, when utility data was not
available, on estimates of new construc-
tion permits and post-census demolitions.
The denominator of that ratio was
obtained from the weighted estimate of
AHS sample units, using the existing
weight after the second-stage ratio estima
tion procedure. The computed third-stage
ratio estimation factor was then applied to
the existing weight for each sample unit
and the resulting product was used as the
final weight for tabulation purposes.

The effeet of the third-stage ratio
estimation procedure, as well as the over-

! SCARF denotes the Survey of Components
of Change and Residential Finance, a survey
conducted in 1957-19689 by the Census
Bureau.
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all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement
with known estimates of the SMSA
housing population. .

In some of the Year | SMSA's, the
third-stage ratio estimation procedure
was not employed. The relisbility of
this independent estimate varied by
SMSA, depending on the completeness of
the utility data or the permit-demolition
data. However, a measure of the relia
bility (i.e., the relative bias) of these
independent estimates was available based
on a comparison between the 1970 cen-
sus estimate of the April 1970 housing
inventory and the April 1970 inde-
pendent estimate of the housing in-
ventory generated from the procedure
used to produce the October 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA's where the
estimated relative bias was low enough
li.e., 3 percent or less over a 1Q-year
period) to preclude the possibility of
doing more harm than good to the survey
results.

For this SMSA, this independent esti-
mate was employed because it was con-
sidered reliable {i.e., its relative bias was
3 percent or less over the 10-year period
1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was

losses,

adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy’” of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this

survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other,
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error., The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As caleulated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors ({nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be/
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.8 standard errors be-
low the estimate to 1.6 standard errors -
above the estimate would include the
a\rerage result of all possible samptles.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
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clude the average result of all possible
samples.

The average result of all possible samples
may or may not be contained in any
particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
. result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table 11
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974, Linear interpolation
" should be used to determine the standard
error for estimates not specifically shown
in tables | and II.

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
o, = the standard error of
the numerator
av = the standard error of

the denominator

The standard error of the percentage
{i.e., (100) (x/v}) is approximately equal

to
(100) (x/y) /(g)’ &&)’

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-
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TABLE{. Standard Errors for Estimated
Number of Housing Units in the 1974 Housing
Inventory for the Dallas SMSA

{68 chances out of 100)

Size of | Standard | Size of | Standard
estimate error estimate error
200 160 | 25,000 1,810
500 260 | 50,000 2,500
1,000 370 (100,000 3,390
2,500 580 | 250,000 4,550
5,000 820 (500,000 3,860
10,000 | 1,160

TABLE II. $tandard Emors for Estimated
Number of 1970-74 Lost Units for the Dallas
SMSA

{68 chances out of 100)

Size of | Standard | Size of | Standard
estimate error gstimate error

100 110 3,600 680
200 160 5,000 830
500 250 7,500 1,050
700 290 | 10,000 1,240
1,000 350 ( 15,000 1,600
2,600 570 | 21,300 2,030

estimates the standard error of the ratio
when there is little or no correlation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus (—) to
plus {+).

Hustration of the use of the standard
error tables.—Table 2 in part C of this

. report shows that in this SMSA there

were 75,500 specified owner-occupied
housing units with two bedrooms in
1974. Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
2,950. Consequently, the 68-percent
confidence interval is from 72,550 to
78,450 housing units. Therefore, a con-
clusion that the average estimate of 1974
specified owner-occupied housing units
with two bedrooms, derived from all
possible samples, lies within a range com-

_puted in this way would be correct for

roughly 68 percent of all possible sam-
ples. Similarly, we could conclude that
the average estimate derived from all
possible samples lies within the interval
from 70,780 to 80,220 housing units
with 90 percent confidence; and that the
average estimate lies within the interval
from 69,600 to 81,400 housing units
with 95 percent confidence.

Table 2 in part C also shows that of
the 755600 specified owner-occupied
housing units with two bedrooms,
13,700, or 18.1 percent, were valued
between $15,000 and $19,998. Table |
of this appendix shows that the standard
error for 13,700 is approximately 1,320.
Therefore, using the formula for the
standard error of a percentage (as shown
in the paragraph preceding table | of this
appendix}, the standard error of 18.1
percent is approximately 1.6 percentage
points:

- 13,700 1,320} 7 2,950\*
1.6={100) (75,500)/ (13,700) - (75,500)

Consequently, the 68-percent confidence
interval, as shown by these data, is from
16,5 to 17.9 percent; the 90-percent
confidence interval is from 15.5 to 20.7

percent; and the 95-percent confidence
interval is from 14.9 to 21.3 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA's or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hlustration of the computation of the
standard error of a difference.—Table 2
in part C of this SMSA report shows that
in 1974 there were 23,400 specified
owner-occupied units with two bedrooms
valued between $10,000 and $14,899,
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Thus the apparent difference between the
number of 1974 owner-occupied units
with two bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $18,999 is 9,700.
The standard error of 13,700 is 1,320 as
shown above. Table | also shows the
standard error on an estimate of 23,400
to be approximately 1,740. Therefore,
the standard error of the estimated differ-
ence of 9,700 is about

2,180= /{1,320)% + (1,740)2

Consequently, the 68-percent confidence
intervat for the 9,700 difference is from
7,520 to 11,880 housing units. Therefore,
a conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 90-percent confidence interval is from
6,210 to 13,190 housing units, and the
95 percent confidence interval is from
5,340 to 14,060. Thus, we can conclude
with 95 percent confidence that the
number of 1974 owner-occupied housing
units with two bedrooms, valued between
$10,000 and $14,999 is greater than the
number of units valued between $15,000
and $19,999 since the 95-percent con-
fidence interval does not include zero or
negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:

(1) From table | or Il in conjunction

with the formula for the standard
error of a percentage, determine the

standard error of a b0-percent charac-
teristic on the base of the median;
{2) add to and subtract from 50 per-

cent, the standard error determined in
step 1; and

(3) using the' distribution of the
characteristic, read off the confidence
interval corresponding to the two
points éstablished in step 2,

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values,

Hlustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $16,100 in 1974,

The base of the distribution from which,

this median was determined is 75,500
housing units.

1. Table |, in conjunction with the
formula for the standard error of a
percentage, shows that the standard
error of 50 percent on a base of
75,600 is 2.1 percentage points:

_ 37,750 2,602 f 2,950\?
21- “00’(75.500) \/67,750) - \75,500)

2. To obtain a two-standard-error
confidence interval on the estimated
median, add to and subtract from 50
percent twice the standard error deter-
mined in step 1. This yields percentage
limits of 45.8 to 54.2.

3. From table 2 in part C of this
report it can be seen by cumulating
the frequencies for the first two
categories that 11,400 owner-occupied
housing units with two bedrooms, or
15.1 percent, had a value less than
$10,000; an additional 23,400 owner-
occupied housing units with two bed-
rooms, or 31.0 percent had a value
between $10,000 and $14,999; and an
additional 13,700, or 18.1 percent,

had a value between $15,000 and
$19,999,

By linear interpolation, the lower limit of
the 95-percent confidence interval is found
to be about

45.8 — i5.1

0 ) = $15,000

{$10,000) + {$5,000) (
Similarly, the upper limit of the 95-
percent confidence interval is found to
be about

54.2 — 16.1 — 31.0} _
-T——)— $17.200

($15,000) + {$5,000) (
Thus, the 95-percent confidence interval
ranges from $15,000 to $17,200.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
guestions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well,

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1870 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

1970 census.—Several studies were con-
ducted to measure two types of general
errors—"‘coverage’” errors and “content”
errors—associated with 1970 census
estimates.

The “coverage’’ errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
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they were counted more than once
{overenumerated). Space errors usually
are the largest component of housing
coverage error.

2. Definitional errors.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and conseguently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one auestionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The ‘“‘content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research Program  Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E)-10,
Accuracy of Data for Selected Housing
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Characteristics' as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “The total missed rate for housing
units im 1970 is estimated to be 2.b
percent”; i.e'., for each 100 units that
were finally enumerated in the census,
an estimated 2.5 were missed.
(PHCI(E)-5, p.3)
2. "The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. (PHC(E}-5, p.4}
3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” {PHC(E)-5, p.11}
4. .""Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
(PHC(E)-5, p. 16) Approximately 16.5
percerd of all units initially enumer-
ated & vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant,
(PHC(E)-5, p. 15)
5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.” (PHC(E}-10, p.68) The
above statement applied to the follow-
ing items:

a. heating fuel

b. renters paying extra for utilities
and/or fuel
bathtub or shower
. flush toilet
telephone availability
year structure built
value of home
. seasonal vacancy status

Te weap

“Heating fuel, year structure built,
and velue of home are more con-

sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E)-10, p. 8}

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
“such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was caonducted to obtain
a measurement of some of the com-
ponents of the nonsampling error asso-
ciated with the AHS estimates. A reinter-
view program was conducted for a sample
of the AHS households. These households
were revisited and answers to some of the
guestions on the AHS questionnaire were
obtained again. The original interview and
the reinterview were assumed to be two
independent readings and, thus, were the
basis for the measurement of the accu-
racy of the AHS data collected from

" enumerated households.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built” was obtained.

4, The correct information on “Ten-
ure’’ was obtained.

5. The correct information on “"House-
hold Composition” was obtained.
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “Oc-
cupancy Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
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The results of this study are presented in
the census memorandum, “‘Reinterview
Results for Annual Housing Survey-SMSA
Sample; 1974.”

Some of the results of this study are
presented below. {Please note that these
results are based on the reinterviews
across all Year | SMSA’'s and not specifi-
cally for this SMSA.)

1. *The results indicate that the inter-
viewers are doing a good job. From a
total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household composition, and 6 in con-
tent reinterview,"”

2. A moderate level of inconsistency
in responses existed between the origi-
nal interview and the reinterview for
most of the items selected for the
reinterview. The items with the higher
levels of inconsistency tended to be

the attitude and opinion items which
were expected to have higher in-

consistency levels.

3. "“Our bias indicator, the nez differ-
ence rate, revealed 7 categories out of
78 (78 from a total of 87 categories
had enough data to compute reliable
measures of response error) were
significantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data. it is believed

that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA, It had been assumed that
units with permits issued prior to 1970
would have been completed by the time
of the 1970 census (i.e., April 1970)
and, therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new censtruction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 12,400 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA.

In addition, unlike the procedure for
conventional new construction, -there is
no sampling procedure specifically for
new mobile homes {and trailers} in
permit-issuing areas. However, new

mobile homes in permit-issuing areas do
come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated
that approximately 5,500 new mohile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMBA. This estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1370, and mobile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation

. procedure was employed to reduce the

effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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SAMPLE DESIGN

The estimates for each of the 19 SMSA's

are based on data collected from the
1974 Annual Housing Survey (AHS),

" the Census, acting as collection agent for

- Beach,

" group
"N.Y., Anaheim-Santa'Ana-Garden Grove,

I5.000:designated‘ housing units evenly

divided between the central city and the -

balance of the respective. SMSA. All.
remaining SMSA's are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the

_respective SMSA based on the distri-
bution of total- housing units in each

sector. ‘

The four largest SMSA's in the first
group (Year | SMSA's) are: Boston,
Mass,, Detroit, Mich., Los Angeles-Long
Calif.,, and Washington,
D.C.-Md.-Va. ~ .

The remaining SMSA's in this first
are: . Albany-§chenectady-Troy,

Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., - Minneapolis-St.
Paul, Minn., Newark, N.J,, Orlando, Fla,,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich,, Selt Lake City, Utah, Spokane,
Wash., Tacoma, Wash,, and Wichita,-}( L
“In the Detroit, Mich., SMSA, 14;?
sample housing units were eligibte—f
interview. Of this number, 480 interviews
were not obtained because, for occupied
housing units, the occupants were, not at
home after repeated visits or were un-
available for some other reason; or, for
vacant units, no informed respondent
could be found after repeated visits. In

900 uhits were visited and found to be

_which was conducted by the Bureau of_<addition to units eligible for interview,

the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each*month.

Data for a second group of 21 SMSA’s
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA's, from April’
1976 through March 1977. The sample -
~ housing units for each group of SMSA’s
will be enumerated every three years on a
rotating basis.

The four largest SMSA's in each group

are represented separately by asample of
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conde‘r’nned, unfit, demolished, converted

to group quarters use, etc,, and, there-
fore, were not eligible for interview, '

Selection of _the sample.—The AHS
sample for the Detroit, Mich. SMSA was
selected from three sample frames: Hous-
ing units enumerated in the 1970 Census
of Housing and Population in areas under
the jurisdiction of ‘permit-issuing offices

for this SMSA (the permit-issuing uni-

verse), units constructed since the 1970
census in permit-issuing areas (the new
construction universe), and units located
in areas not under the jurisdiction of
permit-issuing offices (the nonpermit uni-

" verse). Sampling operations, described in

the following paragraphs, were performed
separately within the central city and the
balance of this SMSA for each of these
sample frames. The overall sampling rate
used to select the AHS sample for this
SMSA was chosen so that the desired
designated sample size would result. The
overalt sampling rate for this SMSA did
differ by central city and balance, since
the sample for this SMSA was split
equally between the central city and the
balance of the SMSA.

The major portion of the sample was

- selected from a file which represented the

20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing

.units, and units in certain special places

or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro)’; and the wvacant housing unit

"~ records were stratified into four cate-

gories pertaining to the value or rent
associated with the vacant housing units.

. The occupied housing unit records were

further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as ilfustrated by the
following table.

TENURE
Household - Owner Renter
income Familv sizef Family size
12345+ 12345+
Under $3,000 . , . .
$3,000-%$5999. . .
$6,000-$9,999 .. .
S10.000-§14.999 .
$15,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size, *

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {(ED) within the central city and
within the balance of the SMSA., A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 {i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA,
Prior to sample selection,. the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four ({usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices {i.e., the nonpermit
universe). The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas. Prior to this sample

selection, the ED's were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size:
Group quarters
Number of housing population in

units in 1970 1970 census ED
census ED 3

4

The sample EDs were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-

pected size of four (usually adjacent) .

housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building loss sample selection. —Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration). For the permitissuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc
tures in which all housing units were
removed from the inventory) and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
(usually adjacent) housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained (i.e., lost
units in structures in which all housing
units were removed from the inventory}.

1970 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing
inventory that existed at the time of the
1970 census) are based on either
20-percent, 15-percent, or 5-percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing, A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1. . .-

-

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa
rate, though similar, estimation procedure
as described below.

AHS

1974 housing inventory.—The

estimations of characteristics of the 1974 -

housing inventory employed a three-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight (i.e., the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjusted
to account for the 480 noninterviews
previously mentioned, The noninterview
adjustment factor was equal to the fol-
lowing ratio:
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Weighted count of interviewed housing
units + \Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA, Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permit-issuing universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated}, one noninterview cell for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified as being built April 1,
1970, or later, were considered as new
construction units for the purpose of the
noninterview acljustment,

The first-stage ratio estimation proce-
dure was emplcyed for all sample housing
units from the permit-issuing universe.
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned abcve. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight {i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
sponding first-stage ratio estimation
category. )

The effect of this ratio estimation
procedure was to reduce somewhat the
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variation in sample size for strata used in
the sample selection for the permit
issuing universe. Ordinarily, this would
have been controlled by sampling within
the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-
issuing universe, Thus, some variation in
sample size was introduced during'the
AHS sample selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-
struction units [i.e., conventional units
built after April 1970), new mobile
homes ({i.e.,, mobile homes placed after
April 1970), or “other addition’ units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates

_available for these types of units. This

adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error).

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
. that cell for the SMSA

‘Second-Stage Ratio Estimetion Cells

Conventional new construction
units, .. oL e e e e e

The numerators of the ratios were
derived by applying the following fac-
tors: {1) For the ‘“conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; (2) for
the ‘new mobile homes” cell, a 1970
census relationship between total new

construction and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the
‘‘other additions” cell, rates from
SCARF! for "other additions’” was ap-
plied. '

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category. *

The third-stage ratio estimation proce-
dure was employed for all sample units.
This procedure was designed to adjust the
AHS sample estimate of the October
1974 housing inventory for this SMSA to
a final independent estimate of the Octo-
ber. 1974 housing inventory. This ratio
estimation factor equaled the following:

Independent estimate of the October

1974 housing inventory for the SMSA

AHS sample estimate of the housing
inventory

The numerator of the ratio was
derived by using 1970 census estimates of
total housing units for the SMSA in
conjunction with estimates of the change
in the housing inventory since the census.
These changes were based mostly on
administrative records from utility com-
panies, or, when utility data was not
available, on estimates of new construc-
tion permits :_snd post-census demolitions.
The denominator of that ratic was

" obtained from the weighted estimate of

AHS sample units, using the existing
weight after the second-stage ratio estima
tion procedure. The computed third-stage
ratio estimation factor was then applied to
the existing weight for each sample unit
and the resulting product was used as the
final weight for tabulation purposes.

The effect of the third-stage ratio
estimation procedure, as well as the over-

! SCARF denotas the Survey of Components
of Change and Residential Finance, a survey
conducted in 1957-1959 by the Consus
Bureau. '
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all estimation procedure, was to reduce
the sampling emror for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is brought into agreement
with known estimates of the SMSA hous-
ing population, .

In some of the Year | SMSA’s, the
third-stage ratio estimation procedure
was not employed. The reliability " of
this independent estimate varied by
SMSA, depending on the completeness of
the utility data or the permit-demolition
data. However, a measure of the relia-
bility (i.e., the relative bias) of these
independent estimates was available based
on a comparison between the 1970 cen-
sus estimate of the April 1970 housing
inventory and the April 1970 ‘inde-
pendent estimate of the housing "in-
ventory generated from the procedure
used to produce the October 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA's where the
estimated relative bias was low enough
{i.e., 3 percent or less over a 1Q-year
period) to preclude the possibility of
doing more harm than good to the survey
results,

For this SMSA, this independent esti-
mate was employed because it was con-
sidered reliable {i.e., its relative bias was
3 percent or less over the 10-year period
1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 |ost

units employed a one-stage ratio estima

tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
"matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
'match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was

adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce ‘the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy” of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume !, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this

survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As caleulated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors {nonsampling
errors), but it does not measure, as such,
any systematic biases in the data, There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible.samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-

App-29




APPENDI X B—Continued

clude the average result of all possible
samples.

The average result of all possible samples )

may or may not be contained in any
particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that weuld be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were reguired. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table I
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
error for estimates not specifically shown
in tables | and 1.

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
o, = the standard error of
the numerator
ay = the standard error of

the denominator
The standard error of the percentage
(i.e., {100} (x/y}} is approximately equal

to
(100) (:/y) /(;5_)2 ﬁﬁ)z

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-
estimates the standard error of the ratio
when there
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TABLE . Standard Ersors for Estimated Num-
ber of Housing Units in the 1974 Housing
Inventory for the Detroit, Mich., SMSA, for the
Central Cities, and for the Balance of the SMSA

{68 chances out of 100)

Standard Error

Size of .
: In Notin
estimate SMSA central | central
cities cities
200..... 150 120 160
500..... 230 190 250
700 ..... 280 230 300
1,000 330 270 360
2500 520 430 560
5,000 730 610 830
7,500 900 750 | 1,060
10,000 1,040 880 | 1,270
25,000 1,630 1,460 | 1,760
50,000 2,290 1,850 | 2,450
75,000 2,770 2,250 | 2,960
100,000 3,170 2,570 | 3,370
260,000 4,720 3,830 | 4,830
500,000 . 5,930 -| 6,060
750,000 . 6,200 6,350
1,000,000 5,680 -

TABLE N, Standard Errors for Estimated Num-
ber of 1970-1974 Last Units for the Detreit,
Mich. SMSA, for the Central Cities, and for the
Balance of the SMSA

(68 chances out of 100)

is little or no correlation .

Standard Errors
Size of
. : : In Notin
estimate | SMSA central | central
cities cities
100..... 100 80 110
200....). 140 120 150
500 ..... 220 190 240
700 . .... 260 220 290
1,000 300 270 340
2,600 ... 480 430 560
3,500 ... 570 510 670
5,000 680 610 830
7,600 840 750 | 1,060
10,000 970 880 | 1,270
15,000 1,200 1,090 | 1,670
25,000 1,560, 1,460 -
35,000 1,870 1,790 -
57,600 2,450 - -

between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus {—) to
plus {+).

Hlustration of the use of the standard
error tables.—Table A-2 in part C of this
report shows that in this SMSA there
were 203,100 specified owner-occupied
housing units with two bedrooms in
1974. Interpolation in column 1 of table
1 of this appendix shows that the stan-
dard error of an estimate of this size is
approximately 4,240, Consequently, the
68-percent confidence interval is from
198,860 to 207,340 housing units. There-
fore, a conclusion that the average esti-
mate of 1974 specified owner-occupied
housing units with two bedrooms, de-
rived from all possible samples, lies
within a range computed in this way
would be correct for roughly 68 percent
of all possible samples. Similarly, we
couid conclude that the average estimate
derived from all possible samples lies
within the interval from 196,320 to
209,880 housing units with 90 percent
confidence; and that the average estimate
iies within the the interval from 194,620
to 211,580 housing units with 85 percent
confidence,

Table A-2 in part C also shows that of
the 203,100 specified owner-occupied
housing units with two bedrooms,
58,700, or 2B.9 percent, were valued
between $15,000 and $19,999. Column 1
of table | of this appendix shows that the
standard error for 58,700 is approxi-
mately 2,460, Therefore, using the
formula for the standard error of a
percentage (as shown in the paragraph
preceding table | of this appendix), the
standard error of 28.9 percent is approxi-
mately 1.1 percentage points:

o [ _58.700Y /f 2.460 2_( 4,240\
1.1={100) (203,100) \Ass,voo) 203,100

Consequently, the 68-percent confidence
interval, as shown by these data, is from
27.8 to 30.0 percent; the 90-percent
confidence interval is from 27.1 to 30.7
percent; and the 9%5-percent confidence
interval is from 26.7 to 31.1 percent.
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Differences.—The standard errors shown
are not directly applicable to differences
between two estimates. The standard
“error of a difference between estimates is
approximately equal to th‘e“square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA's or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlaticén between the two
characteristics, the formula will over-
estimate the true error,

Hlustration of the computation of the
standard error of a difference. ~Table A-2
in part C of this SMSA report shows that
in 1974 there were 23,400 specified
, owner-occupied units with two bedrooms
valued between $10,000 and $14,999.
Thus the apparent difference between the
number of '1974 owner-occupied units
with two bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 35,300,
The standard error of 58,700 is 2,460 as
shown above. Table |. also shows the
standard error on an estimate of 23,400
to be approximately 1,570. Therefore,
the standard error of the estimated
difference of 35,300 is about

2,920 =~/ (2,460)? +(1,570)2

Consequently, the 68-percent confidence

interval for the 35,300 difference is from
32,380 to 38,220 housing units, There-
fore, a conclusion that the average esti-
mate, derived from all possible samplas,
of this difference lies within. a range
computed in this way would be correct
for roughly €8 percent of all possible
samples. Similarly, the 90-percent confi-
dence interval is from 30,630 to 39,970
housing units, and the 95 percent confi-
dence interval is from 29,460 to 41,140.
Thus, we can conclude with 95 percent
confidence that the number of 1974
owner-occupied housing units with two
bedrooms, valued between $15,000 and
$19,999 is greater than the number of
units valued between $10,000 and

$14,999 since the 95-percent confidence
interval does not include zero or negative
values,

Medians,—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples

lies within the interval. The following .

procedure may be used to estimate confi-
dence limits of a median based on sample
data:
{1) From table | or Il in conjunction
with the formula for the standard

error of a percentage, determine the . '

standard error of a 50-percent charac-

teristic on the base of the median;

{2)- add to and subtract from 50 per-

cent, the standard error determined in

step 1; and

(3) using the distribution of the

characteristic, read off the confidence
. interval corresponding to the two

points éstablished in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two

- values,

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values,

Hlustration of the computation of the '

standard error of a median.—Table A-2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $21,000 in 1974.
The base of the distribution from which
this median was determined is 203,100
housing units. )

1. Table I, in conjunction with the

formula for the standard error of a

percentage, shows that the standard

error of 50 percent on a base of
203,100is 1.2 percentage points:

101,550 3,190}? 4,240)?
1'2=“°°'(203:100)\/Q.550) '(203,1_00)
2. To obtain a two-standard-error con-
fidence interval on the estimated medi-
an, add to and subtract from 50
percent twice the standard error deter-
mined in step 1. This yieids percentage
limits of 47.6 to 52.4.

3. From table A-2 in part C of this
report it can be seen by cumulating
_ the frequencies for the first four cate-
gories that 90,900 owner-occupied
hous{ing units with two bedrooms, or
448 percent, had a value less than
$20,000; and an additional 52,200
© owner-occupied housing units with
two bedrooms, or 2b.7 percent, had a
value between $20,000 and $24,999.

By linear interpolation, the lower limit of

the 95-percent confidence interval is
found to be about
$20,000 + {$5,000} (‘%8—) = $20,500

Simifarly, the upper limit of the 95-
percent confidence interval is found to be
about

52.4 - 448

257 )= $21,500

$20,000 + ($5,000) (
Thus, the 95percent confidence interval
ranges from $20,500 to $21,500.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
Hifferences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errars of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well.

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
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of error. However, an attempt was made
to measure some of the nonsampling

errors associated with the estimates for

both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

- 1970 census.—Several studies were con-
ducted to measure two types of genera!
errors—"'coverage” errors and “content”
errors—associated with 1970 census
estimates.

The “coverage’ errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
they were counted more than once
{overenumerated). Space errors usually
are the largest component of housing
coverage eyror,

" 2. Definiticnal errors.—This type of

error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.
3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The “contznt” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census questionnaire. In these studies,
conient errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
- enumerated in the census were re-
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visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an indep2ndent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,

as well as the methodology employed,

can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research  Program  Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC{E)-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.5
percent’; i.e,, for each 100 units that
were_finally enumerated in the census,
an estimated 2.5 were missed.
(PHC(E})-5, p.3)

2. "The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. (PHC{E)-5, p.4)

3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” (PHCIE)-5, p.11}
4., ."Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
(PHC{E].5, p. 16) Approximately 16,5
percent of all units initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumersted as occupied should have
been enumerated as vacant.
{PHC(E]-5, p. 15)

5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more cansistent than those for vacant

units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.” (PHC(E)-10, p.6} The
above statement applied to the follow-
ing items:

a. heating fuel

b. renters paying extra for utilities
and/or fuel
bathtub or shower
. flush toilet
telephone availability
year structure built
. value of home
. seasonal vacancy status

Ta ~o an

“Heating fuel, year structure built,
and value of home are more con-
sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E)-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error asso-
ciated with the AHS estimates. A reinter-
view program was conducted for a sample
of the AHS househalds. These househoids
were revisited and answers to some of the
questions on the AHS questionnaire were
obtained again. The original interview and
the reinterview were assumed to be two
independent readings and, thus, were the
basis for the measurement of the accu-
racy of the AHS data collected from
enumerated households.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.
2. The correct number of housing
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“i-units were interviewed at that address.
+ 3. The correct information on *Year
- Built’" was obtained.

t+ 4, The correct inférmation on ““Ten-

ure” was obtained. :

5. The correct information on“*House-

hold Composition” was obtained.
" 6. The correct information on “Type

of Housing Unit” was obtained.

7. The correct information’ on *Oc-

cupancy Status” was obtained.

This check was made for. interviewer
evaluation and control. That is, tolerance
limits were. derived to determine which
interviewers passed or failed this-reinter-
view with regard 1o the .above items.
The results of this study are presented in
the census memorandum, ‘‘Reinterview
Results for Annual Housing Survey SMSA
Sample; 1974,

Some of the results of this study are
presented below. (Please note that these
results - are based on the reinterviews
across all Year | SMSA's and not specifi-
cally for this SMSA.)

1 . “The results indicate that the inter-
~ viewers are doing 2 good job. From a
total of 230 interviewers checked, 9
failed in cbverage reinterview, 2 in
household compaosition, and 6 in con-
tent reinterview,’” )
2. A moderate level of inc_onsisténcy in
-responses existed between the original
interview-and the reinterview for most
of the items selected for the réinter-
view. The items with- the higher levels
of inconsistency tended to be the
attitude and opinion items which were

expected to have higher inconsistency

levels, -

3. "Our bias indicator, the net dif-
ference rate, revealed 7 categories out
of 78 {78 from a total of 87 categories

had enough data to compute reliable
measures of response error) were sig-
nificantly different from zero.” &
The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.
With respect to errors of coverage and

estimation for missing data, it is believed -

that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of "building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent-conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued- prior to 1970
would have been completed by the time
of .the 1970 census (i.e., April 1970)
and, therefore, would have been repre-
sented in the sample selected from 1970
census units, However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
(most of which were issued in 1968
and 1869). Although it is not known
exactly, an estimated 12,000 conventional
new. construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHSSMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA. ‘

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes {and trailers} in
permit-issuing -areas. However, new
mobile homes in permit-issuing areas do
come into sample if the mobile homes

are located in mobife home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of:
coming into the AHS sample. Although
it is not known exactly, it is estimated
that approximately 4,200 new mobile
homes in permit-issuing areas were missed

by the 1974 AHS-SMSA survey in this

SMSA. This estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1970, and mobile homes built be-
tween 19656 and 1970, to the AHS
estimate of total units built since April
1970, The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the -
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,

‘median number of persons, and median

number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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SAMPLE DESIGN

The estimates for each of the 19 SMSA's
are based on dazta collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA’s,

the data were collected during a 12-

month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month.

Data for a second group of 21 SMSA”s
were collected for the AHS from April
1975 through March 1876, and for a
third group of 20 SMSA’s, from April
1976 through March 1977. The sample
housing units for each group of SMSA’s
will be enumerated every three years on a
rotating basis.

The four largest SMSA’s in each group
are represented separately by asample of
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16,000 desicnated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA’s are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA's in the first
group (Year | SMSA’s) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va.

The remaining SMSA's in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa Ana-Garden Grove,
Calif.,, Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minn., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburéh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichitg,pl(%s.\

In the Fort Worth, Tex., SMSA, 4,800
sample housing units were eligible*for-in-
terview. Of this number, 140 interviews
were not obfained because, for occupied
housing units, the occupants were not at
home after repeated visits or were un-
available for some other reason; or, for
vacant units, no informed respondent
could be found after repeated visits. In

addjtion\\to units eligible for interview,
380 units were visited and found to be

P4 . .
condemned, unfit, demolished, converted
to group quarters use, etc., and, therefore,
were not eligible for interview.

Selection of the sample.—The AHS sam-
ple for the Fort Worth, Tex., SMSA was
selected from three sample frames: Hous-
ing units enumerated in the 1970 Census
of Housing and Population in areas under
the jurisdiction of permit-issuing offices
for this SMSA (the permit-issuing uni-
verse), units constructed since the 1970
census in permit-issuing areas (the new
construction universe), and units located
in areas not under the jurisdication of
permit-issuing offices {the nonpermit

universe), Sampling operations, described
in the following paragraphs, were per-
formed separately within the central city
and the balance of this SMSA for each of
these sample frames. The overa!ll sampling
rate was about the same for the sample
selected from both the central city and
the balance of this SMSA since the
sample was distributed proportionately
between the central city and the balance
of this SMSA according to the distri-

_bution of total units in each sector,

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for -
occupied housing units, vacant housing
units, and units in certain special places
or group quarters, Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records. .
Before the sample was selected from .
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro}’, and the vacant housing unit
records were stratified into four cate-
gories pertaining to the .value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each' unit was
assigned to one of B0 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table. :

TENURE
Househald Qwner Renter
tncome Family size] Family size
12345+ |12345+
Under $3,000 . . . .
$3,000-$5999. . .
$6,000-$9,999 . . .
$10,000—$14,999 .
$15,000 and over . .
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Thus, for this SMSA, the occupied

housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA.,K A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necéssary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {ED) within the central city and
within the balance of the SMSA, A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
* would produce an expected four sample
units, “thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA,
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four {usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices (i.e., the nonpermit
universe). The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas. Prior to this sample

selection, the ED’'s were stratified by
census tract within the central city and

"within the batance of the SMSA. The

probability of selection for an ED was
proportionate to the following measure
of size:
Group guarters
‘Number of housing population in

units in 1970 1970 census ED
census ED 3

4

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four (usually adjacent)
housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are’in
sample, Thus, units enumerated in the
1970 census as well as units built since

. the 1970 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration), For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses [i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an'independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
{usually adjacent) housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained {i.e., lost’
units in structures in which all housing
units were removed from the inventory).

1970 Census of Popufation and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either
20-percent, 15-percent, or B-percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume I,
Housing Characteristics for States, Cities,
and Counties, Part 1,

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since. 1970,
Each type of estimate employéd a sepa-
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a two-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight (i.e., the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjuste('j
to account for the 140 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio:

App-27




— —

APPENDIX B--Continued

Weighted count of interviewed housing
units + Weighted count of
noninterviewved housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA. Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permit-issuing universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
iltustrated), one noninterview cell for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified as being built April 1,
1970, or later, were considered as new
construction units for the purpose of the
noninterview adjustment. ,

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the permit-issuing universe,
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight {(i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
. sponding first-stage ratio estimation
category. ‘

The effgct of this ratio estimation
procedure was to reduce somewhat the
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variation in gample size for strata used in
the sample selection for the permit
issuing universe. Ordinarily, this would
have been controlled by sampling within
the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-
issuing universe, Thus, some variation in
sample size was introduced 'during the
AHS sample selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that wwere conventional new con-

struction units (i.e., conventional units

built after April 1970}, new mobile
homes {i.e., mobile homes placed after
April 1970), or “other addition’ units

(i.e., units added by conversion of 1970

units or from other sources). This proce-

dure was désigned to adjust the AHS

sample estimates of such upits to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error).

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 iadependent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventiconal naw construction
[T T ¢

The numerators of the ratios were
derived by applying the following fac-
tors: (1) For the “conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; (2) for
the “new mobile homes™ cell, a 1970
census relaticnship between total new

construction ‘and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the
*other additions” cell, rates from’
SCARF® for “other additions” was ap-
plied. ) ’

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The effect of the second-stage ratio
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement

with known ‘estimates of the SMSA .
housing population,

In some of the Year | SMSA’s, a third-
stage ratio estimation procedure was
also employed. This procedure involved
the ratio estimation of the AHS weighted
sample estimate of the October 1974
housing inventory to an independent
estimate of the SMSA’s October 1974
housing inventory. This estimate was
derived by using the 1970 census estimate
of the April 1970 housing inventory in
conjunction with an estimate of change in
the housing inventory since the census,
based on either administrative records
from utility companies (where available)
or estimates of new construction permits
and post-census demolition data, The
quality or reliability of the independent
estimate varied by SMSA, depending on

! SCARF denotes the Survey of Components
of Change and Residential Finance, a survay
conducted in 1957-1959 by the Census
Bureau.
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‘the completeness of the utility data or
_permit demolition data. However, a
measure of the reliability (i.e., the rela-

tive bias) of these independent estimates

was available based on a comparison
between the 1970 census estimate of
total housing and an April 1970 indepen-
dent estimate of total housing, generated
from the procedure used to produce the
October 1974 independent estimates. As
a consequence, the independent estimates
were only employed in those SMSA's
where the estimated relative bias was low
enough {i.e., 3 percent or less over a 10-
year period) to preclude the possibility
of doing more harm than good to the
survey results.

For this SMSA, this independent esti-
mate was not employed because of the
lack of reliability of the estimate (i.e.,
the bias was more than three percent over
the 10-year period, 1960-1970).
1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima
tion procedure similar to the firststage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the ‘weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This

report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |1, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from - sample surveys—sampling and
nonsampling errors. The “accuracy” of a
survey estimate is determined by the joint
effects of the sampling and nonsampling

errors. The following is a description of

the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this
survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumeratars were
used, estimates from each of the different
samples would differ from each other,
The deviation of a sample estimate from

the average of all possible samples is’

defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the

variation in the estimates due to response
and enumerator errors (nonsampling
errors), but it does not measure, as such;
any systematic biases in the data. There:
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if -all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be--
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-

clude the average result of all possible
samples.

The average result of all possible samples
may or may not be contained in any'
particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard‘
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-’
pared at a moderate cost, a number of
approximations were required. As a re-
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sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table |l
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
error for estimates not specifically shown
in tables | and I,

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained.by using the
following formula: :

Let x = tha numerator
y = the denominator
o, = thé standard error of
i the numerator
o, = the standard error of

the denominator

The standard error of the percentage
{i.e., (100} (x/y}) is approximately equal

to
{100) (x/y) /(,?)2 -G!)’

The standard errors of x and y should be
obtained from the apbropriate standard
error tables. For ratios, where x is'not a
subclass of y, the above formula under-

TABLE |. Standard Errors for Estimated
Number of Housing tnits in the 1874 Housing
Inventory for the Fort Worth, Tex., SMSA

‘ " (68 chances out of 100)

Size of | Standard | Size of | Standard
estimate errar estimats error
100 80| 10,000 760
200 110 { 25,000 1,180
500 170 | 50,000 1,580
1,000 250 | 100,000 2,000
2,500 400 {250,000 1,490
5,000 | 620
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TABLE 1. Standard Errors for Estimated
Number of 1970-1974 Lost Units for the
Fort Worth, Tex., SMSA

. {68 chances out of 100}
Size of | Standard | Size of | Standard
estimate error | estimate grror
100 70 1,500 290
200 100§ 2,500 400
500 | - 160 3,500 490
700 190 5,000 620
1,000 230

estimates the standard error of the ratio
when there, is little or no correlation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus (=} to
plus (+).

IHiustration of the use of the standard
error tables —Table 2 in part C of this
report shows that in this SMSA there
were 47,100 specified owner-occupied
housing units with two bedrooms in
1974, Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
1,630. Consequently, the B68-percent
confidence interval is from 45570 to
48,630 housing units. Therefore, a con-
clusion that the average estimate of 1974
specified owner-occupied housing units
with two bedrooms, derived from all
possible samples, lies within a range
computed in this way would be correct
for i'oughly 68 percent of all possible

-samples. Similarly, we .could conclude

that the average estimate derived from atl
possible samples lies within the interval
from 44.65) to 49,550 housing units
with 90 percent confidence; and that the
average estimate lies within the interval
from 44,040 to 50,160 housing units
with 95 percent confidence.

Table 2 in part C also shows that of the
47,100 specified owner-occupied housing
units with two bedrooms, 8,600 or 18.3
percent, were valued between $15,000
and $19,999, Table | of this appendix

- occupied

shows that the standard error for 8,600
is approximately 720. Therefore, using
the formuta for the standard error of a
percentage (as shown in the paragraph
preceding table | of this appendix), the
standard error of 18,3 percent is approxi-
mately 1.4 percentage points:

_ 8,600\ if 720 1,530\2
14=101 °°’(47,1oo) J(a,eoc)’ ‘(47,100)
Consequently, the 68-percent confidence
interval, as shown by these data, is from
16.9 to 19.7 percent; the 90-percent
confidence interval is from 16.1 to 20.5

percent; and the 9b5-percent confidence
interval is from 15.5 to 21.1 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA's or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. M, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hiustration of the computation of the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that in
1974 there were 15,100 specified owner-
units with two bedrooms
valued between $10,000 and $14,999.
Thus the apparent difference between the’
number of 1974 owner-occupied units
with two bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 6,500.
The standard error of 8,600 is 720 as
shown above. Table | also shows the

.standard error on an estimate of 15,100 to

be approximately 900. Therefore, the
standard error of the estimated difference
of 6,500 is about ’

1,150=+/ (720)* + (900)? -
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Consequently, the 68-percent confidence
interval for the 6,500 difference is from
5,350 to 7,650 housing units. Therefore, a
conclusion that the average estimate, de-
rived from all possible samples, of this
difference lies within a range computed in

this way wouid be correct for roughty 68

percent of all possible samples. Similarly,
the 90-percent confidence interval is from
4,660 to 8,340 houisng units, and the
95-percent confidence interval is from
4200 to 8800. Thus, we can con-
clude with 95 percent confidence that the
number of 1974 owner-occupied housing
units with two bedrooms, valued between
$10,000 and $14,999 js greater than the
number of units valued between $15,000
and $19,999 since the 95:-percent confi-
dence interval does not include zero or
negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the

distribution upon which the median is -

based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval, The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:
{1) From table I or Il in conjunction
with the formula for the standard
error of a percentage, determine the
standard error of a 50-percent charac-
teristic on the base of the median;
(2) add to and subtract from 50 per-
cent, the standard error determined in
step 1; and
(3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to b0 percent plus

and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

lllustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $13,100 in 1974,
The base of the distribution from which
this median was determined is 47,100
housing units.

1. Table I, in conjunction with
the formula for the standard error
of a percentage, shows that the stand-
ard error of 50 percent on a base of
47,100 is 1.8 percentage points:

i 23,550\ {1,140¥ ( 1,530V
‘-3‘”001(47,100 3,5501_(41100)

2. To obtain a two-standard-error con-
fidence interval on the estimated medi-
an, add to an subtract from 50 percent
twice the standard error determined
in step 1. This vyields percentage
limits of 46.4 10 53.6.

3. From table 2 in part C of this
report it can be seen by cumulating
the frequencies for the first two
categories that 14,100 owner-occupied

housing units with two bedrooms, or.

209 percent, had a value less than
$10,000; and an additional 15,100
owner-occupied housing units with
two bedrooms, or 32,1 percent, had
a value between $10,000 and $14,999.

By linear interpolation, the lower limit of
the 95-percent confidence interval is found
to be about '

$10,000 + (85,000 >4 129‘9)= $12,600

Similarly, the upper limit of the 95-
percent confidence interval is found to
be about

$10,000 + (ss.oocn(g—s%)= $13,700

Thus, the 95-percent confidence interval
ranges from $12,600 to $13,700.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many

sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
guestions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors aré not unique to sample surveys
since they can, and do, occur in complete
censuses as well,

Obtaining a measurement of the totai
nonsampling error associated with' the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1870 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

1970 census.—Several studies were con-

_ ducted to measure two types of general

errors—"'coverage” errors and “content”
errors—associated with 1970 census
estimates.

The "coverage’’ errors determined how
completely housing units were counted
in the census and included the following:

4

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
they were counted more than once
{overenumerated). Space errors usually
are the largest component of housing
coverage error,

2. Definitional errors.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single:family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only oné
living quarters would have been
counted where two existed.
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3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occuﬁied and vice versa.

The ‘‘content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated- in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent,

2. Record chack.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
Surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research  Program  Reports, Series
PHC(E})-5, The (Caverage of Housing in
the 1970 Census, and Series PHC(E)-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. "The total missed rate for housing
units in 1970 is estimated to be 2.5
percent”; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 2.5 were missed.
(PHC{E)-5, p.3)

2. "The occupied space missed rate
for the total 'Jnited States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. (PHC(E)-5, p.4)

3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
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cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.”” {PHC(E}-5, p.11)
4. .“Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
(PHC(E)-5, p. 16} Approximately 16.5
percent of all units initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant.
{PHCI(E)-5, p. 15)
5. "“Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.”” (PHC(E)-10, p.6} The
above statement applied to the follow-
ing items:

a. heating fuel

b. renters paying extra for utilities
and/or fuel
bathtub or shower
. flush toilet
telephone availability
year structure built
. value of home
. seasonal vacancy status

To ~® 0o

“"Heating fuel, year structure built,
and value of home are more con-
sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E}-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure

for each study is given in the publications-

mentioned above.

AHS-SMSA.~For the 1974 AHSSMSA
sample, a study was conducted to obtain

a measurement of some of the com-
ponents of the nonsampling error as-
sociated with the AHS estimates. A
reinterview program was conducted for a_
sample of the AHS households. These
households were revisited and answers
to some of the questions on the AHS
questionnaire were obtained again. The
original interview and the reinterview
were assumed to be two independent
readings and, thus, were the basis for the
measurement of the accuracy of the AHS
data collected from enumerated house-

. holds.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built” was obtained.

4. The correct information on ‘“Ten-
ure’’ was obtained.

5. The correct information on *"House-
hold Composition” was obtained.
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “Oc-
cupancy Status” was  obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974."

Some of the results of this study are

presented below. (Please note that these

results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA)

1. “The results indicate that the in-
terviewers are doing a good job. From
a total of 230 interviewers checked,
9 failed in coverage reinterview, 2 in
household composition, and 6 in
content reinterview.”’

2. A moderate level of inconsistency
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in  responses existed between the
original interview and the reinter-
view for most of the items selected
for the reinterview. The items with the
higher levels of inconsistency tended
to be the attitude and opinion items
which were expected to have higher
inconsistency levels,

3. "Our bias indicator, the net diff-
erence rate, revealed 7 categories out
of 78 (78 from a total of 87 categories
had enough data to compute reliable
measures of response error) were signi-
ficantly different from zero.”’

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued. prior to 1970

would have been completed by the time
of the 1970 census (i.e., April 1970}
and, therefore, would have been repre-
sented in the sample selected from 1970
census units, However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1988
and 1969). Although it is not known
exactly, an estimated 5,200 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA.

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes (and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do
come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home

%

parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample, Afthough
it is not known exactly, it is estimated
that approximately 1,600 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was -obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1870, and mobile homes built be-
tween 1965 and 1970, to the AHS

.estimate of total units built since April

1870. The second-stage ratio estimation
procedure was employed to reduce the.
effect of both these deficiencies, afthough
some hias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey,

App-33



Los Angeles-Long Beach 1974



APPEMDIX B—Source and Reliability of the Estimates

SAMPLE OESIGN .............. App-26
Selection of thesamplo . ........ App-26
Building loss sample sslection .... App-27
1970 Census of Population and

Housing..............,..... App-27

ESTIMATION .. ................ App-27
1974 housing inventory ........ App-27
1970-1974 lostunits . .. ........ App-28
Ratio sstimation procedura of the

1970 Census of Population and
Housing..............conuun App-29
RELIABILITY OF THE
ESTIMATES . ... .............. App-29
Sampling errors for the AHS-
SMSAssmple ............... App-29
lustration of the usa of the
standard error tables .. ...... App-30
Differences .. .............. "App-30
Ilustration of the computation
of the standard error of a
difference ... ............. App-30
Medians................... App-31
lllustration o! the computation
of the standard error of a
median .......cccoivniian App-31
Nonsamplingenors . ........... App-31
1970 census ............... App-31
AHSSMSA ................ App-32

SAMPLE DESIGN

The estimates for each of the 19 SMSA's
are_based on data collected from the
1974 Annual Housing Survey (AHS),
which was concducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month.

Data for a second group of 21 SMSA’s
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA’s, from April
1976 through March 1977. The sample
housing units for each group of SMSA's
will be enumerated every three years on a
-rotating basis.

The four largest SMSA's in each group
are represented separately by a sample of
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15,000 designated housing units evenly
divided between the central city and the
batance of the respective SMSA. All
remaining SMSA’s are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA's in the first
group ({Year | SMSA’s) are: Boston,
Mass., Detroit, Mich,, Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va.

The remaining SMSA's in this first
group are: Albany-Schepectady-Troy,
N.Y., Anaheim-Santa AnaGarden Grove,
Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minn., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichita, Kans.

In the‘EEs'QQgeles- l.ong Beach, Calif.,
SMSA\ 14580, sample housing units
were e&s‘b!e'for interview. Of this num-
ber, 740 interviews were not obtained
because, for occupied housing units, the
occupants were not at home after re-
peated visits or were unavailable for some
other reason; or, for vacant units, no in-
formed respondent could be found after
repeated visits. In additio{ to units
eligible for interview, TOBIDunits were
visited and found to“be<“condemned,
unfit, demolished, converted to group
quarters us2, etc., and, therefore, were
not eligible for interview.

Selection of the sample.—The AHS sam-
ple for the Los Angeles-Long Beach,
Calif., SMSA was selected from two
sample frames—units enumerated in the
1970 Census of Housing and Population
{the 1970 census universe) and units
constructed since the 1970 census (the
new construction universe). Sampling
operations, described in the following
paragraphs, were performed separately
within the central city and the balance

of this SMSA for each of these sample
frames. The overall sampling rate used
to select the AHS sample for the SMSA
was chosen so that the desired designated
sample size would result. The overall
sampling rate for the SMSA did differ by
central cities and balance since the sample
for this SMSA was split equally between
the central cities and the balance of the
SMSA. )

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were

l

stratified by race of head (non-Negro.’

Negro), and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household

income categories as illustrated by the -

following table.

TENURE
Housshold Owner Renter

income Family size] Family size

12345+ 123465+
Under $3,000 . . . .
$3000-855999 ., ..
$6,000-$9,999 . . .
$10,000-%$14,999 .
$15,000 and over . .

Thus, for this SMSA, the occupied
housing unit records from this universe




APPENDIX B—Continued

were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata

for either the central city, or for the

balance of the SMSA. A sample of
housing unit records was then selected at
asampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample Housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size., How-
ever, at the time of enumeration the units
at eaph of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA,
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four {usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
(i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the
AHS enumeration). For the 1970 census
universe, the sample upon which these
estimates were based was the regular AHS

sample described above: Since the ad-

dresses for these sample units were
known to exist in 1970, the AHS inter-

-Jiewer .determined those sample units

that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory} and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing
inventory that existed at the time of the
1970 census) are based on either
20-percent, 15-percent, or 5-percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa-
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a three-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight (i.e., the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjusted

to account for the 740 noninterviews

" previously mentioned. The noninterview

adjustment factor was equal to the fol-
lowing ratio:

Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA. Within each sector a noninterview
factor was computed separately for b4
noninterview cells for sample housing
units from the 1970 census universe
(where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated} and one noninterview cell for
new construction sample housing units. '

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the 1970 census universe.
This factor was computed separately for
all sample housing units within each
1970 census universe noninterview cell
mentioned above. The ratio estimation
factor-for each cell was as follows:

1970 census count of housing units from
1970 census universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios wére obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight {i.e., the basic weight times the
noninterview factor). The computed,
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the,
variation in sample size for strata used in
the .sample selection for the 1970 census
universe, Ordinarily, this would have been
controfled by sampling within the strata
during the sample selection process. How-
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ever, prior to the AHS sample selection
within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the 1970 census universe.
Thus, some variation in sample size was
introduced during the AHS sample
selection process.

The seconcl-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-
struction units {i.e., conventional units
buitt  after April 1970), new mobile
homes [i.e., mobile homes placed after
April 1970), cr “other addition™ units
{i.e., units added by conversion of 1970
units or from cther sources}. This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS.éample
with regard to representation of these
units (see ‘the section on nonsampling
error). ,

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 indzpandent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
thet ¢ell for the SMSA

Secongd-Stage Ratio Estimation Cells

Conventional new construction
UNItS. . . o s e e e e e

New mobilehomes . . . . ;.. ..
“Other additions™. . . . ......

The numerators of the ratios were
derived by applying the following fac-
tors: {1) For the “conventional new
construction units” cell, a national trend
for missed convantional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; (2} for
the “new mobile homes” cell, a 1970
census relationship between total new
construction and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the
“‘other additions” cell, rates from
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SCARF! for “other additions” was ap-
plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratic estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category. '

The third-stage ratio estimation proce-
dure was employed for all sample units.
This procedure was designed to adjust the
AHS sample estimate of the QOctober
1974 housing inventory for this SMSA to
a final independent estimate of the Octo-
ber 1974 housing inventory. This ratio
estimation factor equaled the following:

Independent estimate of the October

1974 housing inventory for the SMSA

AHS sample estimate of the housing
inventory

The numerator of the ratio was
derived by using 1970 census estimates of
total housing units for the SMSA in
conjunction with estimates of the change
in the housing inventory since the census.
These changes were based mostly on
administrative records from utility com-
panies, or, when utility data was not
available, on estimates of new construe-
tion permits and post-census demolitions,
The denominator of that ratic was
obtained from the weighted estimate of
AHS sample units, using the existing
weight after the second-stage ratio estima-
tion procedure, The computed third-stage

-ratio estimation factor was then applied to

the existing ‘weight for each sample unit
and the resulting product was used as the
final weight for tabulation purposes.

"The effect of the third-stage ratio
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by

! SCARF Jenotes the Survey of Components
of Change and Residential Finance, a survey
conducted in 1957-1958 by the Census
Bureau.

simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
~ill be improved when the sample hous-
ing population is broughtinto agreement
with a more reliable estimate of the
SMSA housing population.

In some of the Year | SMSA's, the
third-stage ratio estimation procedure
was not employed. The reliability of
this independent estimate varied by
SMSA, depending on the completeness of
the utility data or the permit-demolition
data. However, a measure of the relia
bility (i.e., the relative bias) of these
independent estimates was available based
on a comparison between the 1970 cen-
sus estimate of the April 1970 housing
inventory and the April 1970 inde-
pendent estimate of the housing in-
ventory generated from the procedure
used to produce the October 1974
independent estimates, As a consequence,
the independent estimates were only
employed in those SMSA‘’s where the
estimated relative bias was low enough
{i.e., 3 percent or less over a 10-year
period) to preclude the possibility of
doing more harm than good to the survey
results, .

For this SMSA, this independent esti-
mate was employed because it was con-
sidered reliable (i.e., its relative bias was
3 percent or less over the 10-year period
1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units,
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was ‘
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:
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Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses, The ,effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.,

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1,

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy” of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors, The following is a description of
the sampling and nonsampling errors
. associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1870 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this
survey is one of a large number of
possible samples of the same size that
could have been selected using the same

. example,

sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors (nonsampling
errors}, but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-

ditional nonsampling errors not meas-

ured by the standard error.

The sample estimate and its estimated
standard - error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-

clude the average result of all possible -

samples.

The average result of all possible samples
may or may not be contained in any
particular computed interval, For a partic-
ular sample, however, one can say with

. specified confidence that the average

result of all possible samples is included
in the constructed interval.
The figures presented in the tables

" below are approximations 1o the standard

errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-

" pared at a moderate cost, a number of

approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table I
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974, Linear interpolation
should be used to determine the standard
error for estimates not specifically shown
in tables | and ().

The reliabitity of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
o, = the stlandard error of
the numerator
av = the standard error of

the denominator

The standard error of the percentage
(i.e., (100) (x/y}) is approximately equal

to
(100) (x/y) /()'(’_x)2 -Gy_):

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-
estimates the standard error of the ratio
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TABLE !. Standard Errors for Estimated Num-
ber of Housing Units in the 1974 Housing
Inventory for the Los Angeles-Long Beach,
Calif., SMSA, for the Central Cities end for the
Balance of the SMSA

{68 chances out of 100)

-Standard error

Size of in Not in

estimate SMSA ce.n_tral ce.n.tral

cities cities
20, . ... 200 190 200
50O. .. .. 310 310 320
1,000 440 430 450
2,500 . 700 680 710
5000 ... 990 970 1,010
10,000 . . 1,400 1,360 1,430
25,000 .. ~2,230 2,180 2490
80,000 .. | 3,310 3,230 3,380
100,000. . 4,350 4,240 4,440
250,000 . 6,670 6,510 6,810
500,000, . £,940 8,720 9,120
1,000,000 | 11,110 | 10,840 | 11,340
1,500,000 | 11,440 - -
2,000,000 | 10,080 - -
2,500,000 €,020 - -

TABLE i1, Standard Errors for Estimated
Number of 1970-1974 Lost Units for the Los
Angefes-Long Beach, Calif., SMSA, for the
Central Cities, and the Balance of the SMSA

(68 chances out of 100}

Standard error
Size of In Natin
\ SMSA central | central
estimate L. .

cities cities
200. . ... 190 190 190
500..... 300 300 290
700. . ... 350 350 350
1,000 . 420 420 420
2,500 , 670 670 670
3,500 . 800 790 800
5,000 950 940 970
7,500 , 1,180 1,160 1,210
10,000 1,360 1,330 1,420
15,000 1,690 1,630 1,810
25,000 2,230 2,110 2,490
35,000 2,690 2,500 3,120
50,000 . 3,310 ' - -

when there is little or no correlation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus () to
plus {+).

. Hllustration of the use of the standard

error tables.—Table A-2 in part C of this
report shows that in this SMSA there
were 365,500 specified owner-occupied
housing units with two bedrooms in
1974, Interpolaticn in column 1 of table
I of this appendix shows that the stand-
ard error of an estimate of this size is
approximately 7,720. Consequently, the
68-percent confidence interval is from
357,780 to 373,220 housing units.
Therefore, a conclusion that the average
estimate of 1974 specified owner-
occupied housing units with two bed-
rooms, derived from all possible samples,
lies within a range computed in this way
would be correct for roughly 68 percent
of all possible samples. Similarly, we
could conclude that the average estimate
derived from all possible samples lies
within the interval from 363,150 to
377,850 housing units with 90 percent
confidence; and that the average esti-
mate lies within the interval from
350,060 to 380,240 housing units with
95 percent confidence.

Table A-2 in part C also shows that
of the 36E,500 specified owner-occupied

- housing units with two bedrooms, 48,700,

or 133 percent, were valued between
$15,000 and $19,999. Column 1 of
table | of this appendix shows that the
standard error for 48,700 is approxi-
mately 3.250. Therefore, using the
formula for the standard error of a
percentage {as shown in the paragraph
preceding tabie | of this appendix), the
standard error of 13.3 percent is approxi-
mately 0.8 percentage points:

_ 48,700\ £ 3,250V 7,720\
0.8 = (100) (355,500)/@8.700} “(365,500)
Consequently, the 68-percent confidence
interval, as shown by these data, is from
125 to 14.1 percent; the 90-percent
confidence interval is from 12.0 to 14.6

percent; and, the 95-percent confidence
interval is from 11.7 to 14.9 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’‘s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hlustration of the computation of the
standard error of a difference.—Table
A-2 in part C of this SMSA report shows
that in 1974 there were 11,100 specified
owner-occupied units with two bedrooms
valued between $10,000 and $14,899.
Thus the apparent difference between the
number of 1974 owner-occupied units
with two bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 37,600,
The standard error of 48,700 is 3,250 as
shown above. Table | also shows the
standard error on an estimate of 11,100
to be approximately 1,460. Therefore,
the standard error of the estimated differ-
ence of 37,600 is about

3,560 =+/(3,250}* + {1,460)2

Consequently, the 68-percent confidence
interval for the 37,600 difference is from
34,040 to 41,160 housing units. There-
fore, a conclusion that the average esti-
mate, derived from all possible samples,
of this difference lies within a range
computed in this way would be correct
for roughly 6B percent of all possible
samples, Similarly, the 90-percent confi-
dence interval is from 31,900 to 43,300
housing units, and the 95-percent confi-
dence interval is from 30,480 to 44,720.
Thus, we can conclude with 95 percent
confidence that the number of 1974
owner-occupied housing units with two
bedrooms, valued between $15,000 and
$19,999 is greater than the number of
units valued between $10,000 and
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$14,999 since the 95-percent confidence
interval does not include zero or negative
values. ’

Medians,.—For the medians presented in
" certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible sampies
lies within the interval., The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:
(1} From table | or Il in conjunction
with the formula for the standard
error of a percentage, determine the
standard error of a 50-percent charac-
teristic on the base of the median;
(2) add to and subtract from 50 per-
cent, the standard error determined in
step 1; and
{3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

Hlustration of the computation of the
standard error of a median.—Table A-2
in part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $28,100 in 1974.
The base of the distribution from which

this median was determined is 365,500

housing units.

1. Table |, in conjunction with the
formula for the standard error of a

percentage, shows that the standard
error of BO percent on a base of
365,500 is 1.1 percentage points:

1= (001 (132,750) Y 5,530)’ ( 7.720\!
' 365,500/ +/\82,750/ ~ \365,500/
2. To obtain a two-standard-error

confidence interval on the estimated
median, add to and subtract from 50
percent twice the standard error
determined in step 1, This yields
percentage limits of 47.8 to 52.2,

3. From table 2 in part C of this
report it can be seen by cumulating
the frequencies for the first five
categories that 140,500 owner-occu-
pied housing units with two bedrooms,
or 38.4 percent, had a value less than
$25,000, and an additional 134,000
owner-occupied housing units with
two bedrooms, or 36.7 percent, had
a value between $25,000 and $34,899,

By linear interpolation, the lower limit of
the 85-percent confidence interval is found
to be about

47.8— 384

$25,000 + {$10,000) ( 367 )=‘$2?,600

Similarly, the upper limit of the 95-
percent confidence interval is found to
be about

$25,000 + ($10,000) (5_2-33";:?&): $28,800

Thus, the 95-percent confidence interval
ranges from $27,600 to $28,800.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and -estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well,

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

1970 census.—Several studies were con-
ducted to measure two types of general
errors—"‘coverage’’ errors and “content”
errors—associated with 1970 census
estimates.

The *‘coverage’” errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which _
they were counted more than once
(overenumerated). Space errors usually
are the largest component of housing
coverage error.

2. Definitional- errors.—This type of
error is best described by an example.
Consider an address that appears in .
the census listings as a single-family
home and consequently receives only
one census guestionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one gquestionnaire was
received by the owner, he might list
the other family as members of his
househotd. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated wunits; i.e., vacant units
that are improperly enumerated as
occupied and vice versa,

The ‘“‘content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the errcneous or unreliable
reporting of housing characteristics on
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the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to ke independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research  Program  Reports, Series
PHC(E}-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E}-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below: |

1. “The total missed rate for housing
units in 1970 is estimated to be 2.6
percent’’; i.e,, for each 100 units that
were finally enumerated in the census,
an estimated 2.5 were missed,
(PHC(E}-5, p.3}

2. “The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures, (PHC(E)-5, p.4)

3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” (PHC(E}-5, p.11)

4, .”Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
{PHC{E)-5, p. 16} Approximately 16.5
percent of all units initially enumer-
ated as wvacant should have been
enumerated as occupied, and about
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0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant.
{PHC(E)-b, p. 15}
5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sisténth.' than those in multi-unit
structures.” (PHC(E)-10, p.6) The
above statement applied to the follow-
ing iterns:

a. heating fuel

b. renters paying extra for utilities
and/or fuel
bathtub or shower
. flush toilet
telephone availability
year structure built
. value of home
. seasonal vacancy status

JTa o ap

“Heating fuel, year structure built,
and value of home are more con-
sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E)-10, p. B)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the resutts of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the pubfications
mentioned above,

4HS-SMSA. —For the 1974 AHS-SMSA
sample, a study was conducted to obtain
1 measurement of some of the com-
‘onents of the nonsampling error associ-
ted with the AHS estimates. A reinter-
fiew program was conducted for a sample
of the AHS households. These house-
wlds were revisited and answers 1o some
>f the questions on the AHS question-
naire were obtained again. The original
interview and the reinterview were
assumed to be two independent readings
and, thus, were the basis for the measure-

ment of the accuracy of the AHS data
collected from enumerated households.
As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:
1. The correct unit was visited.
2. The correct number of housing
units were interviewed at that address.
3. The correct information on *“Year
Built” was obtained.
4. The correct information on “'Ten-
ure’’ was obtained.
5. The correct information on “House-
hold Composition” was obtained.
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “Oc-
cupancy  Status” was obtained.

This check was made for interviewer
evaluation and control, That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items,
The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974,

Some of the results of this study are
presented below, (Please note that these
results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA.)

1. “The results indicate that the inter-
viewers are doing a good job. From a
total of 230 interviewers checked,
9 failed in coverage reinterview, 2 in
household composition, and 6 in
content reinterview.,”’

2. A moderate level of inconsistency
in responses existed between the
original interview and the reinterview
for most of the items selected for
the reinterview. The items with the
higher levels of inconsistency tended
to be the attitude and opinion items
which were expected to have higher
inconsistency levels,

3. “Our bias indicator, the net dif-
ference rate, revealed 7 categories out
of 78 (78 from a total of 87 categories
had enough data to compute reliable
measures of response error) were
significantly different from zero.”
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The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
_ representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA, It had been assumed 1%:at
units with permits issued prior to 1970
would have been completed by the time
of the 1970 census (i.e., April 1970)
and, therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968

" and 1969). Although it is not known ex-

actly, an estimated 16,600 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMISA,

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes (and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do
come into sample if the mobile homes
are located in mobife home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated

that approximately 4,300 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1970, and mobile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the

. effect of both these deficiencies, although

some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for smal! percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey,
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SAMPLE DESIGN

The estimates for each of the 19 SMSA’s
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from April 1974 through
March 1975 with one-tweifth of the,
sample units being visited each month.

Data for a second group of 21 SMSA's
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA’s, from April
1976 through March 1977. The sample
housing units for each group of SMSA's
will be enumerated every three years on a
rotating basis.

The four largest SMSA's in each group
are represented separately by a sample of
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5,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA's are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the cantral city and the balance of the
respective SMSA based on the distri-
bution of total housing units in each
sector.

. The four largest SMSA's in the first
group {Year | SMSA’s) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va, :

The remaining SMSA’s in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa AnaGarden Grove,
Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.

Paul, Minn., Newark, N.J., Oflando, Fla., -

Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash_.:\ Tacoma, Wash., and Wichita, Kans.

In the Memphis, Tenn.-Ark., SMSA,
4,660 s‘a}mple housing units were eligible
for.nterview. Of this number, 190
interviéws were not obtained because, for
occupied housing units, the occupants
were not at home after repeated visits or
were unavailable for some other reason;
or, for vacant units, no informed re-
spondent could be found after repeated
visits. In addition to units eligible for
inten'iew,.f490 \units were visited and
found to Qeaéondemned, unfit, de-
molished, converted to group quarters
use, 3tc., and, therefore, were not eligible
for interview.

Selection of the sample.—The AHS sam-
ple for the Memphis SMSA was selected
from three sample frames: Housing units
enumerated in the 1970 Census of
Housing and Population in areas under
the jurisdiction of permit-issuing offices
for this SMSA (the permit-issuing uni-
verse), units constructed since the 1970
census in permit-issuing areas {the new
construction universe), and units located
in areas not under the jurisdiction of

1

permit-issuing offices (the nonpermit
universe). Sampling operations, described
in the following paragraphs, were per-
formed separately within the central city
and the balance of this SMSA for each of
these sample frames. The overall samgpling
rate was about the same for the sample
selected from both the central city and
the balance of this SMSA since the
sample was distributed proportionately
between the central city and the balance
of this SMSA according to the distri-
bution of total units in each sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head {non-Negro,
Negro)’, and the wvacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated ‘with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Household Owner Renter
income Family size] Family size
12345+ 12345+
Under $3,000. .. .
$3,000-%5999 . . .
$6,000—$9,999 . . .
$10,000—$14,989 .
$15,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
pbalance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED} within the central city and
within the balance of the SMSA. A
sample ,of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
~would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since’ 1970 (i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA.
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four (usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices (i.e., the nonpermit
universe). The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration -districts
within these areas. Prior to this sample

selection, the ED's were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size:
Group quarters
Number of housing population in

units in 1970 1970 census ED
census ED 3

4

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four {usually adjacent)
housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1870
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration). For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer .determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., jost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses (i.e., lost units in strue-
tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
{usually adjacent} housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses- were obtained {i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 - Census of Population and Hous-
ing.--The estimates pertaining to the
1970 housing inventory (i.e., the housing

inventory that existed at the time of the -

1970 census} are based on either
20-percent, 15-percent, or 5-percent sam-
ple data collected in Aprit 1970 for the
Decennial Census of Population and
Housing. A detailed description of the

sample design employed for the 1970

census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a three-stage
ratio estimation procedure, However, prior
to implementation of this procedure, the
basic weight . (i.e., the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjusted
to account for the 180 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-

lowing ratio:
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Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sampde housing units within the cen-
tral city and within the balance of the
SMSA. Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permit-issuing universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated), one noninterview cell for new
construction sample housing units, and
one noninterview cell for sampie units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified as being built April 1,
1970, or later, were considered as new
construction units for the purpose of the
noninterview adjustment.'

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the permit-issuing universe.
This factor was computed.separately for
all sample housing -units within each
permit-issuing universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight (i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation

procedure was to reduce somewhat the
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variation in sample size for strata used in
the sample selection for the permit-
issuing universe, Ordinarily, this would

have been controlled by sampling within .

the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-
issuing universe, Thus, some variation in
sample size was introduced during the
AHS sample selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-

struction units li.e., conventional units _

built after April 1970}, new mobile
homes (i.e., mobile homes placed after
April 1970), or “other addition” units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was designed to adjust the AHS
samdle estimates of such units to
independently derived current estimates
avaiiable for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error).

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction
wnits. L . . e e e e

New mobilehomes . . . ... ...
“Other additions”. , . .......

The numerators of the ratios were
derived by applying the following fac-
tors: {1) For the “conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; (2) for
the “new mobile homes™ cell, a 1970
census relationship between total new

construction and new mobile homes that
existed in this SMSA for the 1965-1870
period was applied; and {3) for the

“other additions” cell, rates from
SCARF! for “other additions” was ap-
plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The. third-stage ratio estimation proce-
dure was employed for all sample units.
This procedure was designed to adjust the
AHS sample estimate of the QOctober
1974 housing inventory for this SMSA to
a final independent estimate of the Octo-
ber 1974 housing inventory, This ratio
estimation factor equaled the following:

Independent estimate of the October

1974 housing inventory for the SMSA

AHS sample estimate of the housing
inventory

The numerator of the ratio was
derived by using 1970 census estimates of
total housing units for the SMSA in
conjunction with estimates of the change
in the housing inventory since the census.
These changes were based mostly on
administrative records from utility. com-
panies, or, when utility data was not
available, on estimates of new construc-
tion permits and post-census demolitions.
The denominator of that ratio was
obtained from the weighted estimate of
AHS sample units, using the existing
weight after the second-stage ratio estima-
tion procedure. The computed third-stage
ratio estimation factor was then applied to
the existing weight for each sample unit
and the resufting product was used as the
final weight for tabulation purposes.

The effect of the third-stage ratio
estimation procedure, as well as the over-

! SCARF denotes the Survey of Components
of Change and Residential Finance, a survey
conducted in 1957-1959 by the Census
Buraau.
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all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can

be expected that the sample estimates_

will be improved when the sample hous-
ing population is broughtinto agreement
with a more reliable estimate of the
SMSA housing population.

In some of the Year | SMSA’s, the

third-stage ratio estimation procedure
was not employed. The reliability of
this independent estimate varied by
SMSA, depending on the completeness of
the utility data or the permit-demolition
data., However, a measure of the relia-
bility (i.e., the relative bias) of these
independent estimates was available based
on a comparison between the 1970 cen-
sus estimate of the April 1970 housing
inventory and the April 1970 inde-
pendent estimate of the housing in-
ventory generated from the procedure
used to produce the October 1574
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA’s where the
estimated relative bias was low enough
{i.e., 3 percent or less over a 10-year
period}) to preclude the possibility of
doing more harm than good to the survey
results.

For this SMSA, this independent esti-
mate was employed because it was con-
sidered reliable (i.e., its relative bias was
3 percent or less over the 10-year period
1960-1.?70).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was

adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses, The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

~

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy’ of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors.’ The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume 1, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this

survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, -and enumerators were .
used, estimates from each of the different
samples would differ from each other,
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors (nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
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clude the average result of all possible
samples.

The average result of all possible samples
may or may not be contained in any
- particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed intérval.

- The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approxirmations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table | presents the standard errors -

applicable to estimates of characteristics
of the 1974 housing inventory. Table |1
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
error for estimates not specuflcally shown
in tables | and 1.

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
OK' = the standard error of
the numerator
G‘/ = the standard error of

the denominator

The standard error of the percentage
{i.e., {100) {x/y}} is approximately equal

to
{100) (x/y) /(_15)2 {v&)’

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-
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TABLE |, Standard Emors for Estimated
Number of Housing Units in the 1974 Housing
loventory for the Memphis SMSA

{68 changes out of 100)

Sizeof |Standard | Size of | Standard
Estimate Error | Estimate Eror

200 110 | 10,000 780

- 50O 180 | 25,000 1,200

1,000 250 | 50,000 1,610

2,500 390 | 100,000 2,020

5,000 560 | 250,000 1,400

TABLE 1. Standard Errors for Estimated
Number of 1970 Units Lost Between 1970-
1974 in the Memphis SMSA

{68 changes out of 100} -
Size of | Standard | Size of | Standard
Estimate Error Estimate Error
100 80 2,500 410
200 120 | © 5,000 580
500 180 | 10,000 820
1,000 260

estimates the standard error of the ratio

" when there is little or no correlation

between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus {—} to
plus (+).

Hiusiration of the use of the standard
error tables.—Table 2 in part C of this
report shows- that in this SMSA there
were 38,300 specified owner-occupied
housing units with two bedrooms in
1974, interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
1,420. Consequently, the 68-percent
confidence interval is from 36,880 to
39,720 housing units. Therefore, a con-
clusion that the average estimate of 1974
specified owner-occupied housing units
with two bedrooms, derived from all
possible samples, lies within a range
computed in this way would be correct

for roughly 68 percent of all possible
samples. Similarly, we could conclude
that the average estimate derived from all
possible samples lies within the interval
from 36,030 to 40,570 housing units
with 90 percent confidence; and that the
average estimate lies within the interval
from 35,460 to 41,140 housing units
with 95 percent confidence.

Tahble 2 in part C also shows that of the
38,300 specified owner-occupied housing
units with two bedrooms, 10,600, or 27.7
percent, were valued between $15,000
and $19,999. Table | of this appendix
shows that the standard error for 10,600
is approximately 800. Therefore, using
the formula for the standard error of a
percentage (as shown in the paragraph
preceding .table | of this appendix), the
standard error of 27.7 percent is approxi-
mately 1.8 percentage points:

1,420\

,600 800Y
18:“"0}(39 300)\/(10,600) ~\38,300/

Consequently, the 68-percent confidence
interval, as shown by these data, is from
25.9 to 295 percent; the 90-percent
confidence interval is from 24.8 to 30.6
percent; and the 95-percent confidence
interval is from 24.1 to 31.3 percent.

Differences.—The standard errors shown

are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hllustration of the computation of .the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that in
1974 there were 9,400 specified owner-
occupied units with 3 or more bedrooms
valued between $10,000 and $14,999.
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Thus the apparent difference between the
number of 1974 owner-occupied units
with 3 or more bedrooms valtied between
. $10,000 and $14,999 and those valued
between $15,000 and $19,999 is 1,200,
The standard error of 10,600 is 800, as
shown above. Table | also shows the
standard error on an estimate of 9,400 to
be approximately 750. Therefore, the
. standard error of the estimated difference
of 1,200 is about

1,100=+/ (800)? + (750)%

Consequently, the 68-percent confidence
interval for the 1,200 difference is from
100 to 2,300 housing units. Therefore, a
conclusion that the average estimate, de-
rived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Simifarly,
the 90-percent confidence interval is from
—560 to 2,960 housing units, and the
9% -percent confidence interval is from
—1,000 to 3,400. Thus, we cannot con-
clude with 95 percent confidence that the
number of 1974 owner-occupied housing
units with two bedrooms, valued between
$15,000 and $19,999 is greater than the
number of units valued between $10,000
and $14,999 since the 95-percent confi-
dence interval includes zero or negative
values. Nor can we conclude with
a0 pércent confidence that there is some
evidence that the 10,600 is greater than
the 9,400, since the 90-percent confi-
dence interval also includes zero or nega-
tive values.

Medians.—For the medians presented in
. certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a

stated degree of confidence that the

average median from all possible samples
lies within the interval. The _following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:
(1) From table | or Il in conjunction
with the formula for the standard

error of a percentage, determine the
standard error of a b0-percent charac-
teristic on the base of the median;

{2) add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

(3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

fllustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the ‘median
value of owner-occupied housing units
with two bedrooms was $17,000in 1974,
The hase of the distribution from which
this median was determined is 38,300
housing units,

1. Table I, in conjunction with
the formula for the standard error
of a percentage, shows that the
standard error of 50 percent on a base
of 38,300 is 2.0 percentage points:

19,150\ J 1,040% [ 1,420\
20=01 °°’(33,3oo)J (1 3,1 50) _(38,300)
2. To obtain a two-standard-error con-
fidence interval on the estimated medi-
an, add to and subtract from 50
percent twice the standard error
determined in step 1. This vyields
percentage limits of 46.0 to 54.0.
3. From table 2 in part C of this
report it can be seen by cumulating
the frequencies for the first three
categories that 14,900 owner-occupied
housing units with two bedrooms, or
38.9 percent, had a value less than
$15,000; and an additional 10,600, or

27.7 percent, had a value between
$15,000 and $19,999.

By linear interpolation, the lower limit of
the_95-percent confidence interval is found
to be about

$15,000 + ($20,000—$1 5,000)(46'0”——‘%)%1 6,300
Similarly, the upper limit of the 95-
percent confidence interval is found to
be about

0 38,

277 $17,700

$15,000 + {$20,000-%1 5,000(54

Thus, the 95-perceﬁt confidence interval
ranges from $16,300 to $17,700.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about .all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well,

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

- 1970 census.—Several studies were con-

ducted to measure two types of general
errors—"‘coverage” errors and “content”
errors—associated with 1970 census
estimates. .

The “coverage” errors determined how
completely housing units were counted
in the census and included the fallowing:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
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they were counted more than once
(overenumerated). Space errors usually
are the largest component of housing
coverage error.

2. Definitional errors.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
houszhold. In this case, only one
living quarters would have been
counted where two.existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The “content’” error measured the
accuracy of the data collected for enum-
erated housing units, Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enurnerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Fecord check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
SUrveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research  Program  Reports, Series
PHC(E}-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E)-10,
Accuracy of Data for Selected Housing
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Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.5
percent”; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 2.5 were missed.
{PHC(E)-5, p.3}
2. “The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. (PHC(E)-5, p.4)
3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.,” (PHC(E)-5, p.11)
4, .“Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units
caused by enumerator error.”
IPHC(E)-5, p. 16) Approximately 16.5
percent of all units initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all wnits initially
enumerated as occupied should have
been enumerated as vacant.
{PHC(E)-5, p. 15)
5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.”” (PHC(E}-10, p.8) The
above statement applied to the foilow-
ing items:

a. heating fuel
. renters paying extra for utilities
and/or fuel
bathtub or shower
. flush toilet
telephone availability
year structure built
. value of home
h, seasonal vacancy status

o Q0 22

w

“Heating fuel, year structure built,
and value of home are more con-

misclassified as vacant were

sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E)-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errars should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of the nonsampling error
associated with the AHS estimates. A
reinterview program was conducted for a
sample- of the AHS households. These
households were revisited and answers
to some of the questions on the AHS
questionnaire were obtained again. The
original interview and the reinterview
were assumed to be two independent
readings and, thus, were the basis for the
measurement of the accuracy of the AHS
data collected from enumerated house-
holds.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built” was obtained.

4, The correct information on ““Ten-
ure’’ was obtained.

5. The correct information on *House-
hold Composition” was obtained.
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “Oc-
cupancy Status”  was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
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The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974." .

Some of the results of this study are
presented below. (Please note that these
results are based on the reinterviews
across all Year | SMSA's and not specifi-
cally for this SMSA,)

1. “Overall, the reinterview results
showed a fairly inconsistent response
between the original and reinter-
view data.”

2. "Qur bias indicator, the net dif-
ference rate revealed 7 categories
out of 78 (78 from a total of 87
categories had enough data to com-
pute reliable measures of response
error) were significantly different
from zero.”

3. "The results indicate that the in-
terviewers are doing a good job. From
a total of 230 interviewers checks,
9 failed in coverage reinterview, 2in
household composition, and 6 in con-
tent reinterview.””

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new

construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued prior to 1970

would have been completed by the time

of the 1970 census li.e., April 1970}
and, therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-

. mits were issued prior to January 1970

{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 3,700 conventtonal
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1870, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA,

. In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes (and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do

.come into sample if the mobile homes

are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated
that approximately 1,100 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was -obtained by
applying the relationship for this SMSA,
between total units built between 19656
and 1970, and mobile homes built be-
tween 19656 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some hias in the AHS sample still exists.

With respect to errors associated with
proéessing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured, The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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SAMPLE DESIGN

The estimates for each of the 19 SMSA's
are based on data collected from the
1974 Apnnual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from April 1974 through
March 1975 with one-twelfth of the
‘sample units being visited each month,
Data for a second group of 21 SMSA's
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA’s, from April
1976 through March 1977. The sample
housing usits for each group of SMSA’'s
will be enumerated every three years on a
rotating basis.
The four largest SMSA's in each group

are represented separately by a sample of

15,000 designated housing units evenly
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divided between the central city and the
balance of the respective SMSA. All
remaining SMSA's are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective  SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA's in the first
group (Year | SMSA's) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va.

The remaining SMSA's in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa Ana Garden Grove,
Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minn., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichita, Kans.

in fhi"Minneapolis-St. Paul, Minn.,
SMSA{ 4,720 sample housing units were
eligiblta\sfor/fnterview. Of this number,
100 interviews were not obtained be-
cause, for occupied housing units, the
occupants were not at home after re-
peated visits or were unavailable for some
other reason; or, for vacant units, no
informed respondent could be found
after repeated visits, In~gddition to units
eligible for intervie\n{, 320)junits were
visited and found 19__9 condemned,
unfit, demolished, converted to group
quarters use, etc., and, therefore, were
not eligible for interview.

Selection of the sample.—The AHS sam-
ple for the Minneapolis-St. Paul, Minn,,
SMSA was selected from three sample
frames: Housing units enumerated in the
1970 Census of Housing and Population
in areas under the jurisdiction of permit-
issuing offices for this SMSA (the permit-
issuing universe), units constructed since
the 1970 census in permit-issuing areas
{the new construction universe}, and
units located in areas not under the
jurisdiction of permit-issuing offices (the

nonpermit universe). Sampling opera-
tions, described in the following para-
graphs, were performed separately within
the central city and the balance of this
SMSA ‘for each of these sample frames.
The overall sampling rate was about the
same for the sample selected from both
the central city and the bhalance of this
SMSA since the sample was distributed
proportionately between the central city
and the balance of this SMSA according
to the distribution of total units in each
sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
oceupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro)’. and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Housghold Owner Renter
income Family size| Family size
12345+|12346+
Under $3,000 . . ..
$3,000-85993 . _ .
$6,000-$9,999 . . .
$10,000-%$14999 .
$15,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
.record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {ED) within the central city and
within the bhalance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
would produce an expected four éample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe}. The sample selection was an
independent operation within this SMSA,
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four (usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate,

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices {i.e., the nonpermit
universe}. The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas. Prior to this sample

selection, the ED’s were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size:

Group quarters

population in
1970 census ED
3

Number of housing
units in 1970
census ED

4

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four (usu_ally adjacent)
housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics rof housing units
removed from the inventory since 1970
(i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration}, For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
(usually adjacent) housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained {i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the-
1970 census) are based on either
20-percent, 15-percent, or 5percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a three-stage
ratio estimation procedure, However, prior
to implementation of this procedure, the
basic weight {i.e.,, the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjusted
to account for the 100 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio:
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Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA. Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permit-issuing universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated), one noninterview cell for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe, Sample
housing units from the nonpermit uni-
verse, identified as being built April 1,
1970, or later, were considered as new
construction units for the purpose of the
noninterview adjustment,

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the permit-issuing universe,
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a celi
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the correspoending ratio
estimation categories using the existing
weight {i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for
each sample unit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the
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variation in sample size for strata used in
the sample selection for the permit-
issuing universe. Ordinarily, this would
have bzen controlled by sampling within
the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-
issuing universe. Thus, some variation in
sample size was introduced during the
AHS sample selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-
struction units (i.e., conventional units
built after April 1970), new mobile
homes (i.e., mobile homes placed after
April 1970), or “other addition’ units
{i.e., units added by conversion of 1970
units ar from other sources), This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error).

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula: .

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS tample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction
unmits L L L L e e e

The numerators of the ratios were
derived by applying the following fac-
tors: {1} For the “conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1989 build-
ing permits issued in this SMSA: {2} for
the “new mobile homes” cell, a 1970
census relationship between total new

construction and new mobile homes that
existed in this SMSA for the 1865-1870
period was applied; and (3) for the

“*other additions™” cell, rates from
SCARF! for “other additions” was ap-
plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The third-stage ratio estimation proce-
dure was employed for all sample units.
This procedure was designed to adjust the
AHS sample estimate of the October
1974 housing inventory for this SMSA to
a final independent estimate of the Octo-
ber 1974 housing inventory. This ratio
estimation factor equaled the following:

Independent estimate of the October

1974 housing inventory for the SMSA

AHS sample estimate of the housing
inventory

The numerator of the ratic was
derived by using 1970 census estimates of
total housing units for the SMSA in
conjunction with estimates of the change
in the housing inventory since the census,
These changes were based mostly on
administrative records from utility com-
panies, or, when utility data was not
available, on estimates of new construc-
tion permits and post-census demolitions.
The denominator of that ratio was
obtained from the weighted estimate of
AHS sample units, using the existing
weight after the second-stage ratio estima-
tion procedure. The computed third-stage
ratio estimation factor was then applied to
the existing weight for each samptle unit
and the resulting product was used as the
final weight for tabulation purposes.

The effect of the third-stage ratio
estimation procedure, as well as the over-

! SCARF denotes the Survey of Components
of Change and Residential Finance, a survey
conducted in 1957-1959 by the Census
Bursau,
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all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection, Since the housing population of
the. sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement
with a more reliable estimate of the
SMSA housing population.

In some of the Year | SMSA’s, the
third-stage ratio estimation procedure
was not employed. The reliability of
this independent estimate varied by
SMSA, depending on the completeness of
the utility data or the permit-demolition
data. However, a measure of the relia-
bility (i.e., the relative bias) of these
independent estimates was available based
on a comparison between the 1970 cen-
sus estimate of the April 1970 housing
inventory and the April 1970 inde-
pendent estimate of the housing in-
ventory generated from the procedure
used to produce the October 1974

" independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA‘s where the
estimated relative bias was low enough
li.e., 3 percent or less over a 10-year
pericd) to preclude the possibility of
doing more harm than good to the survey
results.

For this SMSA, this independent esti-
mate was employed because it was con-
sidered reliable li.e., its relative bias was
3 percent or less over the 10-year period
1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units,
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched iost unit was

adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
fosses. The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sampie by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing, The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples, A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume 1, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy’ of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this

survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sampte design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors (nonsampling
errors), but it does nat measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 80 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
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clude the average result of all possible
samples.

The average result of all possible samples
may or may not be contained in any
particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard emors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table ||
presents the standard errors for estimates
of characteristics of the 19270 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
error for estimates not specifically shown
in tables I and 11,

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
o, = the standard error of
the numerator
av = the standard error of

the denominator

The standard error of the percentage
{i.e., (100) {x/y)) is approximately equal

to
{100) (x/y) /(;)2 —(;x)z

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-
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TABLE |. Standard Errors for Estimated
Number of Housing Units in the 1974 Housing
Inventory for the Minneapolis—St. Paul, Minn.,
SMSA

(68 chances out of 100}

Size of [Standard | Size of Standard
estimat2 | error estimate error

200 170 25,000 1,820

500 260| 50,000 2,520

1,000 3701 100,000 3,410

2,500 590| 250,000 4,590

5,000 830} 500,000 3,900
10,000 1,170

TABLEZ I, Standard Errors for Estimated
Number of 1870-1974 Lost Units for the
Minneapolis-St. Paul, Minn., SMSA

{68 chances out of 100)

Size of |Standard | Size of Standard
estimate error estimate error
100 110 3,500 680
200 150 5,000 830
E0D 240 7.500 1,050
700 290| 10,000 1,250
1,C00 350{ 15,000 1,620
2,500 560| 22,600 2,140

estimates the standard error of the ratio
when there is little or no correlation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus (=) to
plus {+).

Hlustration of the use of the standard
error tables.—Table 2 in part C of this
report shows that in this SMSA there
were 90,200 specified owner-occupied
housing units with two bedrooms in
1974, Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
3,240. Consequently, the 68-percent con-

fidence interval is from 86,960 to 93,440

housing wunits. Therefore, a conclusion
that the average estimate of 1974 speci-
fied owner-occupied housing units with
two bedrooms, derived from all possible
sampl2s, lies within a range computed in
this way would be correct for roughly 68

percent of all possible samples. Similarly,
we could conclude that the average esti-
mate derived from all possible samples
lies within the interval from 85,020 to
95,380 housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 35,460 to
41,140 housing units with 95 percent
confidence.

Table 2 in part C also shows that of
the 90,200 specified owner-occupied
housing wunits with two bedrooms,
13,700, or 15.2 percent, were valued
between $15,000 and $18,999. Table 1 of
this appendix shows that the standard
error for 13,700 is approximately 1,330,
Therefore, using the formula for the
standard error of a percentage {as shown
in the paragraph preceding table | of this
appendix), the standard error of 15.2
percent is approximately 1.4 percentége
points:

_ 13,700 1,330} { 3,240}
1.4=000) (90.200) _\/(13,700) - (90,200)
Consequently, the 68-percent confidence
interval, as shown by these data, is from
13.8 to 16.6 percent; the 90-percent
confidence interval is from 13.0 to 17.4

percent; and the 95-percent confidence
interval is from 12.4 to 18,0 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hlustration of the computation of the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that
in 1974 there were 6,000 specified
owner-accupied units with two bedrooms
valued between $10,000 and $14,999.
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Thus the apparent difference between the
number of 1974 owner-occupied units
with two bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 7,700.
The standard error of 13,700 is 1,330, as
shown above. Table | also shows the
standard error on an estimate of 6,000 to
be approximately 900. Therefore, the
standard error of the estimated difference
of 7,700 is about

1,610 =4/ (1330)% + {900)

Consequently, the 68-percent confidence
interval for the 7,700 difference is from
6,090 to 9,310 housing units, Therefore,
a conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 90-percent confidence interval is from
5,120 to 10,280 housing units, and the
95-percent confidence interval is from
4,480 to 10,820. Thus, we can conclude
with 95 percent confidence that the
number of 1974 owner-occupied housing
units with two bedrooms, valued between
$15,000 and $19,999 is greater than the
number of units vatued between $10,000
and $14,999 since the 95-percent confi-
dence interval does not include zero or
negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based, An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval, The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:

{1) From table | or 1] in conjunction

with the formula for the standard
error of a percentage, determine the

standard error of a 50-percent charac-
teristic on the base of the median;

{2) add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

{3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points éstablished in step 2,

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

Hlustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $25,800 in 1974.
The base of the distribution from which
this median was determined is 90,200
housing units.

1. Table I, in conjunction with the
formula for the standard error of a
percentage, shows that the standard
error of 50 percent on a base of
90,200 is 1.9 percentage points:
45,100 2,380\* 3,240Y
1-8=000) (90,200) \/(;5,100) - (90,200)

2. To obtain a two-standard-error con-
fidence interval on the estimated
median, add to and subtract from 50
percent twice the standard error deter-
mined in step 1. This yields percentage
limits of 46.2 to 53.8.

3. From table 2 in part C of this
report it can be seen by cumulating
the frequencies for the first four cate-
gories that 20,500 owner-occupied
housing units with two bedrooms, or
22.7 percent, had a value less than
$20,000; and an additional 22,100
owner-occupied housing units with
two bedrooms, or 24.5 percent had a
value between $20,000 and $24,999;
and an additional 33,000, or 36.6

percent, had a value between $25,000
and $34,999,

By linear interpolation, the lower limit of
the 95-percent confidence interval is
found to be about

46.2 — 22.7

$20,000 + {$25,000 — 520,000)( 245 ) =%$24,800

Similarly, the upper limit of the 95-
percent confidence interva! is found to
be about

$25,000+ (335,000 - szs,ooo) (_5_331_—_%_;_:&

) = $26,800
Thus, the 9b-percent confidence interval
ranges from $24,800 to $26,800.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the parn
of respondents, mistakes in recording
or coding the data, and other errors of
collection, respense, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well.

Obtaining a measurement of the total
nonsamplingerror associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample,

1970 census.—Several studies were con-
ducted to measure two types of general
errors—‘‘coverage” errors and “content”
errors—associated with 1970 census
estimates.

The “coverage” errors determined how
completely -housing units were countad
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
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they were counted more than once
{overenumerated}. Space errors usually
are the largest component of housing
coverage error.

2. Definitional errors.—This type of
error is best described by an example.
Con;ider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned. by a person who has con-
verted part of the house into a separate
apartment for use by another family,
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The “content’” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source,

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research Program  Reports, Series
PHC{E}-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E)-10,
Accuracy of Data for Selected Housing
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Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.5
percent”; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 25 were missed.
(PHC(E)-5, p.3)
2. "The occupied space missed rate
for the total United States in 1970 is
estirmated at 1.7 percent.” About one-
fourth of the errors occurred within
structures inctuded in the census and
about three-fourths were due to
missed structures. (PHC(E}-5, p.4)
3. ”In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” (PHC(E)-5, p.11}
4, ."Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
{PHC(E)-5, p. 16} Approximately 16.56
percent of all units initially enumer-
ated as wvacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant.
{PHC(E})-5, p. 15)
5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.” (PHC(E)-10, p.6) The
above statement applied to the follow-
ing items:
a. heating fuel

. renters paying extra for utilities

and/or fuel
. bathtub or shower
. flush toilet
. telephone availability
year structure built
. value of home
. seasonal vacancy status

=3

To =0 o0

“Heating fuel, year structure built,
and value of home are more con-

sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E}-10, p. 8}

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the resutts of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the compo-
nents of the nonsampling error associated
with the AHS estimates, A reinterview
program was conducted for a sample of
the AHS households. These households
were revisited and answers 1o some of the
questions on the AHS questionnaire were
obtained again. The original interview and
the reinterview were assumed to be two
independent readings and, thus, were the
basis for the measurement of the accuracy
of the AHS data collected "from enu-
merated households.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited,

2, The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built” was obtained.

4. The correct information on ‘Ten-
ure’’ was obtained.

5. The correct information on "House-
hold Composition” was obtained.
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “Oc-
cupancy Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
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The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974.”

Some of the results of this study are
presented below. (Please note that these
results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA.}

1. “The results indicate that the in-
terviewers are doing a good job. From
a total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household compaosition, and 6 in con-
tent reinterview.”’
2, A moderate level of inconsistency
in responses existed between the orig-
inal interview and the reinterview for
most of the items selected for the re-
interview. The items with the higher
levels of inconsistency tended to be
the attitude and opinion items which
were expected to have higher in-
consistency levels,

3. “Qur bias indicator, the net differ-

ence rate, revealed 7 categories out of

78 (78 from a total of 87 categories

had encugh data to compute reliable

measures of response error) were
_ significantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
“that the AHS new construction sample

had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued prior to 1970
would have been compieted by the time
of the 1970 census (i.e., April 1970}
and, therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units buiit after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 7968
and 1969}, Although it is not known
exactly, an estimated 10,100 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA.,

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes {and trailers} in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do

come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample, Although
it is not known exactly, it is estimated
that approximately 2,900 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1970, and mobile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation

_ procedure was employed to reduce the

effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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SAMPLE DESIGN

The estimates for each of the 19 SMSA’s
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban

Development. In each of the 19 SMSA’s,

the data were collected during a 12-
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month.

Data for a second group of 21 SMSA's
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA’s, from April
1976 through March 1977. The sampie
housing units for each group of SMSA’s
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will be enumerated every three years on a
rotating basis.

The four largest SMSA’s in each group
are represented separately by a sample of
15,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA’s are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective SMSA based on the distri-
bution of total hoysing units in each
sector.

The four largest SMSA’s in the first
group {Year | SMSA’s) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va.

The remaining SMSA's in this first
group are: Albany-Schenectady-Troy,
N.Y., Anzheim-Santa Ana-Garden Grove,
Caiif.,, Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-5t.
Paul, Minn., Newark, N..))., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wimi?,'_ﬁ'é‘ns.

In the Newark, N.J., SMSA, 4,820
sample housing units were eligisfe-fo
interview, Of this number, 220 interviews
were not obtained because, for occupied
housing units, the occupants were not at
home after repeated visits or were un-
available for some other reason; or, for
vacant units, no informed respondent
could be found after repeated visits. In
addition\to units efigible for interview,
200 units were visited and found to be
oondgnr{ed, unfit, demolished, converted
tocgroup quarters use, etc., and, there-
fore, were not eligible for interview.

Selection of the sample.—The AHS sam-
ple for the Newark, -N.J., SMSA was
selected from two sample frames—units
enumerated in the 1970 Census of
Housing and Population (the 1870 census

_universe} and units constructed since the

1970 census (the new construction uni-

verse). Sampling operations, described
in the following paragraphs, were per-
formed separately within the central city
and the balance of this SMSA for each of
these sample frames. The overall sampling
rate was about the same for the sample
selected from both the central city and
the balance of this SMSA since the
sample was distributed proportionately
between the central city and the balance
of this SMSA according to the distri-
bution of total units in each sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This fite contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records,
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro), and the vacant housing unit
records were stratified into four cate.
gories pertaining to the value or rent
associated with the vacant housing units,
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Household Owner Renter
income Family size| Family size
12345+ |123456+
Under $3,000 . . . .
$3,000-$56999. ..
$6,000-$9,999 . . .
$10,000-$14,999 .
$16,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent.to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {(ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How
ever, at the time of enumeration the units
at eaf.:h of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA.
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four (usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census

that no longer existed as part of the

housing inventory at the time of the AHS

enumeration), For the 1970 census.
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses [i.e., lost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses {i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

1970 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either
20-percent, 15-percent, or 5-percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume I,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS5
estimations of characteristics of the 1974
housing inventory employed a two-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight. {i.e,, the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjusted
to account for the 220 noninterviews

previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio:

Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

Within this SMSA, the factor was
computed separately for sample housing
units within the central city and within
the balance of the SMSA. Within each
sector a noninterview factor was com-
puted separately for 54 noninterview cells
for sample housing units from the 1970
census universe (where the cells consisted
of one or more of the different strata
used in the stratification of the universe
as previously illustrated), and one non-
interview cell for new construction sam-
ple housing units.

The f{irst-stage ratio estimation pro-
cedure was employed for all sample
housing units from the 1970 census
universe. This factor was computed
separately for all sample housing units
with each 1970 census universe non--
interview cell mentioned above. The ratio
estimate factor for each cel! was equal to:

1970 census count of housing units from
1970 census universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight {i.e., the basic weight times the
noninterview factor). The ‘.oomputed
first-stage ratio estimation factor was
then applied to the existing weight for
each sample unit within the corre-
sponding first-stage ratio estimation
category.
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The effect of this ratio estimation
procedure was to reduce somewhat the
variation in sample size for strata used in
the sample selection for the 1970 census
universe, Ordinarily, this would have been
controlled by sampling within the strata
during the sample selection process. How-
ever, prior to the AHS sample selection
within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the 1970 census universe.
Thus, some variation in sample size was
introduced during the AHS sample
selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-
struction units (i.e., conventional units
built after April 1970), new mobile
homes (i.e., mobile homes placed after
April 1970), or “other addition™ units
{i.e., units_added by conversion of 1970
units or from other sources), This proce-
dure was designed to adjust the AMS
sample estimates of such wunits to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error).

The secohd-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
thet cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction
Units, . . . v i i e e e

New mobilehomes . . . . ... ..
“Other additions”. . . . ......

The numerators of the ratios were
derived by applying the following fac-
tors: (1) For the “conventional new

construction units” cell, a national trend

for missed conventional new construction
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was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; (2) for
the ‘““new mobile homes” cell, a 1970
census relationship between total new
construction and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the
““other additions” cell, rates from

"SCARF! for “other additions” was ap-

plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The effect of the second-stage ratio
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below ‘what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selecticn, Since the housing population of
the sample differed somewhat by chance
from the SMSA 3s a whole, it can be
expected that the sample estimates will
be improved when the sample housing
popuiation is brought into agreement
with known estimates of the SMSA
housing population.

" In some of the Year I SMSA's, a
third-stage ratio estimation procedure was
also employed. This procedure involved
the ratio estimation of the AHS weighted
sample estimate of the October 1974
housing inventory to an independent esti-
mate of the SMSA’s October 1974
housing inventory, This estimate was
derived by using the 1970 census estimate
of the April 1970 housing inventory in
conjunction with an estimate of change in
the housing inventory since the census,
based on either administrative records
from utility companies (where available)

! SCARF denotes the Survey of Components
of Changs and Residential Finance, a survey
conducted in 1957-1959 by the Census
Bureau. -

or estimates of new construction permits
and post-census demolition data, The
reliability of this independent estimate
varied by SMSA, depending on the com-
pleteness of the utility data or the per-
mit-demolition data. However, a measure
of the reliability {i.e., the relative bias) of
these independent estimates was available
based on a comparison between the 1970
census estimate of the Aprit 1970 housing
inventory and the April 1970 inde-
pendent estimate of the housing in-
ventory generated from the procedure
used to produce the October 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA’s where the
estimated relative bias was low enough
{i.e., 3 percent or less over a 10-year
period} to preclude the possibility of
doing more harm than good to the survey
results. '

For this SMSA, this independent esti-
mate was not employed because of the
lack of reliability of the estimate {i.e., the
bias was more than three percent over the
10-year period, 1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above, The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed -separately for
whole-structure losses and part-structure
losses. The effect of this estimation
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procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing, The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy” of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates, A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume !, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this
survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from

the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors {nonsampling
errors}, but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-

" pends on both the sampling and non-

sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2, Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-

clude the average result of all possible .

samples.

The average result of all possible samples
may or may not be contained in any
particular computed interval. For a partic:
ular sample, however, one can say with

specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
erraors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard emars for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table Il
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
error for estimates not specifically shown
in tables | and I,

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
Y = the denominator
o, = the standard error of
the numerator
a v = the standard error of

the denominator

The standard error of the percentage
(i.e., {100) (x/y}) is approximately equal

to
(100} (x/y) /();)2 21)2

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-
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TABLE I. Standard Errors for Estimated
Number of Housing Units in the 1974 Housing
Inventory for the Newark, N.J., SMSA

{68 chances out of 100)

Sizeof | Standard | Size of ! Standard
estimate error estimate error
200 160 | 25,000 1,770
500 260 | 50,000 2,450
1,000 360 | 100,000 3.310
2,500 570 | 250,000 4,390
5,000 810 | 500,000 3,410
10,000 1,140
TABLE .  Standard Errors for Estimated

nomber of 1970-1974 Lost Units for the
Newark, N.J.,SMSA

{68 chances out of 100)

Size of [ Standard | Size of | Standard
estimate error estimate error

100 90 2,500 480
200 130 3,500 580
500 210 5,000 710
700 240 7,600 |© ©00
1,000 290 | 10,000 1,080
1,600 360 | 18,700 1,660

estimates the standard error of the ratio
when there is little or no correlation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus (-} to
plus (+}.

Hlustration of the use of the standard
error tables.—Table 2 in part C of this
report shows that in this SMSA there
were 13,400 specified owner-occupied
housing units with four rooms in 1974,
Interpolation in table | of this appendix
shows that the standard error of an
estimate of this size is approximately
1,280. Consequently, the 68-percent con-
fidence interval is from 12,120 1o 14,680
housing units, Therefore, a conclusion
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that the average estimate of 1974 speci-
fied owner-occupied housing units with
four rooms, derived from all possible
samples, lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
we could conclude that the average esti-
mate derived from all possible samples
lies within the interval from 11,350 to
15,450 housing units with 80 percent
confidence; and that the average estimate
lies within the interval from 10,840 to
15,960 housing units with 95 percent
oonfidenc_e.

Table 2 in part C also shows that of

13,400 specified owner-occupied housing .

units with four rooms, 800, or 6.0 per-
cent, were valued between $15,000 and
$19,999, Table | of this appendix shows
that the standard error for 800 is approxi-
mately 320. Therefore, using the formula
for the standard error of a percentage (as
shown in the paragraph preceding table |
of this appendix), the standard error of
6.0 percent is approximately 2.3 per-
centage points:

_ 800 320\? 1,280)?
2.3=(100) (13,400 ) \/(ﬁo') - (1 3,400)

Consequently, the 68-percent confidence
interval, as shown by these data, is from
3.7 to B.3 percent; the 90-percent con-
fidence interval is from 2.3 to 9.7 per-
cent; and the 95-percent confidence inter-
val is frcm 1.4 to 10.6 percent,

Differences.—The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hlustration of the computation of the
standard error of a difference.—Table 2
in part C of this SMSA report shows that
in 1974 there were 6,300 specified
owner-occupied units with four rooms
valued between $25,000 and $34,999,
Thus the apparent difference between the
number of 1974 owner-occupied units
with four rooms valued between $25,000
and $34,999 and those valued between
$15,000 and $19,999 is 5,500. The
standard error of 800 is 320 as shown
above. Table | also shows the standard
error on an estimate of 6,300 to be
approximately 900. Therefore, the
standard error of the estimated difference
of 5,500 is about

960 = /(320)* + (S00)2

Consequently, the 68-percent confidence
interval for the 5,500 difference is from
4,540 to 6,460 housing units. Therefore,
a conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 80-percent confidence interval is from
3,860 to 7,040 housing units, and the
95-percent confidence interval is from
3,580 to 7,420, Thus, we can conclude
with 95 percent confidence that the num-
ber of 1974 owner-occupied housing
units with four rooms, valued between
$25,000 and $34,999 is greater than the
number of units vatued between $15,000
and $19,999 since the 95-percent con-
fidence interval does not include zero or
negative values, :

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval, The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:

(1) From table | or It in conjunction
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with the formula for the standard
error of a percentage, determine the
standard error of a B0-percent charac-
teristic on the base of the median;

(2) add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

{3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

lllustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with four rooms was $32,800 in 1974
The base of the distribution from which
this median was determined is 13,400
housing units.

1. Table I, in conjunction with the
formula for the standard error of a
percentage, shows that the standard
error of 50 percent on a base of
13,400 is 4.9 percentage points:

i 6,700 / 920\* _ { 1,280)°
4.9= (1001 {13400 6,700 \13,400

2. To obtain a two-standard-error con-
fidence interval on the estimated
median, add to and subtract from 50
percent twice the standard error deter-
mined in step 1. This vields percentage
limits of 40.2 to 59.8.

3. From Table 2 in part C of this
report it can be seen by cumulating
the frequencies for the first five
categories that 1,800 owner-occupied
housing units with four rooms, or 13.4
percent, had a value less than $25,000;

and an additional 6,300 owner-
occupied housing units with four
rooms, or 47.0 percent, had a value
between $25,000 and $34,999.

By linear interpolation, the tower limit of
the 95-percent confidence interval is found
to be about

$25,000 + {$10,000] (%—;3—'4) - $30,700

Similarly, the upper limit of the 95-

percent confidence interval is found to
be about

' 59.8 —13.4
$25,000 + ($10,000) ( 70

) = $34,900
Thus, the 95-percent confidence interval
ranges from $30,700 to $34,900.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well,

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

1970 census.—Several studies were con-
ducted to measure two types of general
errors—"‘coverage” errors and “‘content”
errors—associated with 1970  census
estimates,

The “coverage’’ errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both

the living quarters and its occupants
were missed in the census or in which
they were counted more than once
{overenumerated). Space errors usually
are the largest component of housing
coverage error,

2. Definitional errors.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
"received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The “content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census questionnaire, In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology empiloyed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research Program  Reports, Series
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PHC(E}-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E}-10,
Accuracy of Data for Selacted Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.5
percent”; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 2.5 were missed.
(PHC(E)-5, p.3)

2. “The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. (PHC(E)}-5, p.4})

3. “In 1870, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1t percent.”” {PHC(E)-5, p.11}

4, .”Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were

caused by enumerator error.”

(PHCI(E)-5, p. 16) Approximately 16.5
percent of all units initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant.
{PHC(E}-5, p. 15}

5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.” (PHC(E)-10, p.6) The
above statement applied to the follow-
ing items:

a. heating fuel

b. renters paying extra for utilities
and/or fuel

. bathtub or shower

. flush toifet

. telephone availability

year structure built

-~ a0
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g. value of home
h. seasonal vacancy status

“Heating fuel, year structure built,
and value of home are more con-
sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
sistenzly reported for units with a
Negro head.” (PHC(E)-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors shoutd be taken into account
when considering the resuhts of these
studies, A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMEA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error
associated with the AHS estimates. A
reinterview program was conducted for a
sample of the AHS households. These
households were revisited and answers to
some of the questions on the AHS
questionnaire were obtained again. The
original interview and the reinterview
were assumed to be two independent
readings and, thus, were the basis for the
measurement of the accuracy of the AHS
data collected from enumerated house-
holds.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.,

2. The correct number of housing
units were interviewed at that address.
3. The correct information on ’‘Year
Built" was obtained.

4. The correct information on “‘Ten-
ure’’ wes obtained. '
5. The correct information on ““House-
hold Composition”” was obtained.
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on "“Oc-
cupancy Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974.”

Some of the results of this study are
presented below. {Please note that these
results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA.) '

1. “The results indicate that the inter-
viewers are doing a good job. From a
total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household composition, and 6 in con-
tent reinterview,”

2. A moderate level of inconsistency
in responses existed between the origi-
nal interview and the reinterview for
most of the items selected for the
reinterview. The items with the higher
levels of inconsistency tended to be
the attitude and opinicn items which
were expected to have higher incon-
sistency levels.

3. “Our bias indicator, the net differ-
ence rate, revealed 7 categories out of
78 (78 from a total of 87 categories
had encugh data to compute reliable
measures of response error} were
significantly different from zero."’

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
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units with permits issued prior to 1970
would have been completed by the time
of the 1970 census (i.e., April 1970)
and, therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-

mits were issued prior to January 1970

{most of which were issued in 1968
and 1969), Although it is not known
exactly, an estimated 2,300 conventional
new construction units in this SMSA
had permits issued prior to January 1870
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1869 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits

for this SMSA,

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes (and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do
come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1870 census, have no chance of
coming into the AHS sample, Although
it is not known exactly, it is estimated
that approximately 60 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA, This. estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1965

and 1970, and mobile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce ihe
effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being rheasured. The effect
of rounding is significant retative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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SAMPLE DESIGN

The estimates for each of the 19 SMSA's
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month.

Data for a second group of 21 SMSA's
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA's, from April
1976 through March 1977. The sample
housing units for each group of SMSA's
will be enumerated every three years on a
rotating basis.

The four largest SMSA's in each group
are represented separately by a sample of
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16,000 designated housing units evenly
divided between the central city and the -
balance of the respective SMSA. All
remaining SMSA's are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective  SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA's in the first
group {Year | SMSA’s) are: Boston,

Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va.

The remaining SMSA's in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa Ana Garden Grove,
Calif., Datlas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minn., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittshurgh, Pa., Saginaw,
Mich., Saft Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Widntﬁ:’l(?ﬁs

In the Orlando, Fla, SMSA 4630\
sample housing units were ellglble for
interview. Of this number, 70 interviews
were not obtained because, for occupied
housing units, the occupants were not at
home after repeated visits or were un-
available for some other reason; or, for
vacant units, no informed respondent
could be found after repeated visits. In
additiongto units eligible for interview,
470 units] were visited and found to be
condemped, unfit, demolished, converted
to group juarters use, etc., and, there-
fore, were not eligible for interview.

Selection of the sample.—The AHS sam-
ple for the Orlando, Fla., SMSA was
selected from three sample frames:
Housing units enumerated in the 1970
Census of Housing and Population in
areas under- the jurisdiction of permit-
issuing offices for this SMSA (the permit-
issuing universe}, units constructed since
the 1970 census in permit-issuing areas
{the new construction universe), and
units located in areas not under the
jurisdiction of permit-issuing offices (the

nonpermit universe). Sampling opera-
tions, described in the foIIoWing para-
graphs, were performed separately within
the central city and the balance of this
SMSA for each of these sample frames.
The overall sampling rate was about the
same for the sample selected from both
the central city and the balance of this
SMSA since the sample was distributed
proportionately between the central city
and the balance of this SMSA according
to the distribution of total units in each
sector,

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro), and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Household Owner Renter
income Family size| Family size
12345+ |123465+
Under $3,000 . . . .
$3,000—$56999 . ..
$6,000-$9,999 ., . .
$10,000-$14,999 .
$15,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to ‘one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size,

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {(ED) within the central city and
within the balance of the SMSA, A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How
ever, at the time of enumeration the units
at ea_ch of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was setected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA.
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four {usually
adjacent} housing units were formed.
These cfusters were then sampled for
inclusion at the overall sampling rate,

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices (i.e., the nonpermit
universe}. The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
-within these areas. Prior to this sample

selection, the ED's were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size:

Group quarters

Number of housing population in

units in 1970 1970 census ED
census ED 3

4

The sample ED's were then divided
into segments; i.e., small {and areas with
well-defined boundaries having an ex-
pected size of four (usu‘allv adjacent)
housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1870 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration). For the permitissuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer .determined those sample units
that were no longer considered part of
the housing inventory. From these_units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory} and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
{usually adjacent} housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained [i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing
inventory that existed at the time of the
1970 census) are based on either
20-percent, 15-percent, or Spercent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The  AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates ber-
taining to characteristics of units removed
from the housing inventory since 1970,
Each type of estimate employed a sepa
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a two-stage
ratio estimation procedure, However,
prior to implementation of this pro-
cedure, the basic weight {i.e., the inverse
of the probability of selection) for each
interviewed sample housing unit w:s
adjusted to account for the 70 non-
interviews previously mentioned. The
noninterview adjustment factor was equal
to the following ratio:
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Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA. Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permit-issuing universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated), one noninterview cell for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified as being built April 1,
1970, or later, were considered as new
construction units for the purpose of the
noninterview adjustment.

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the permit-issuing universe,
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a celt
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight (i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the  corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the
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variation in sample size for strata used in
the sample selection for the permit-
issuing universe, Ordinarily, this would
have keen controlled by sampling within
the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-
issuing universe, Thus, some variation in
sample size was introduced during the
AHS sample selection process.

The second-stage ratio estimation
procedure was employed for ali sample
units that were conventional new con-
struction units {i.e., conventional units
built after April 1970), new mobile
homes ({i.e., mobile homes placed after
April 1870}, or “other addition” units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
efor),

The second-stage ratic estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction
UDItE & s e s e

The numerators of the ratios were
derived by applying the following fac-
tors: {1) For the *“conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA: {2} for
the ‘‘new mobile homes” cell, a 1970
census relationship between total new

construction and new maobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the

““other additions” cell, rates from
SCARF! for “other additions” was ap-
plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The third-stage ratio estimation proce-
dure was employed for all sample units,
This procedure was designed to adjust the
AHS sample estimate of the October
1974 housing inventory for this SMSA to
a final independent estimate of the Octo-
ber 1974 housing inventory. This ratio
estimation factor equaled the following:

Independent estimate of the October

1974 housing inventory for the SMSA

AHS sample estimate of the housing
inventory

The numerator of the ratio was
derived by using 1970 census estimates of
total housing units for the SMSA in
conjunction with estimates of the change
in the housing inventory since the census.
These changes were based mostly on
administrative records from utility com-
panies, or, when utility data was not
available, on estimates of new construcg-
tion permits and post-census demolitions.
The denominator of that ratio was
obtained from the weighted estimate of
AHS sample units, using the existing
weight after the second-stage ratio estima
tion procedure. The computed third-stage
ratio estimation factor was then applied to
the existing weight for each sample unit
and the resulting product was used as the
final weight for tabulation purposes.

The effect of the second-stage ratio
estimation procedure, as well as the over-

! SCARF denotes the Survey of.Components
of Change and Residential Finance, a survey
conducted in 1957-1959 by the Census
Bureau.
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all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selaction. Since the housing population of
the sample differed somewhat by chance
trom that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement
with known estimates of the SMSA
housing population.

In some of the Year | SMSA's, a
third-stage ratio estimation procedure was
also employed. This procedure involved
the ratio estimation of the AHS weighted
sample estimate of the October 1374
housing inventory to an independent
estimate of the SMSA’s Qctober 1974
housing inventory. This estimate was
cerived by using the 1970 census estimaie
of the April 1970 housing inventory in
conjunction with an estimate of change in
the housing inventory since the census,
based on either administrative records
from utility companies {where available}
or estimates of new construction permits
and post-census demolition data. The
quality or reliability of the independsant
estimate varied by SMSA, depending on
the completeness of the utility data or
permit demolition data. However, &

measure of the reliability (i.e., the relative’

bias} of these independent estimates was
available based on a comparison between
the 1970 census estimate of total housing
and an April 1970 independent estimate
of total housing, generated from the
procedure used to procuce the October
1974 independent estimates. As a conse-
quence, the independent estimates were
only employed in those SMSA's where
the estimated relative bias was low
enough (i.e., 3 percent or less over a
10-year period) to preclude the possibil-
ity of doing more harm than good to the
survey/results.

For this SMSA, this independent esti-
mate was not employed because of the
lack of reliability of the estimate (i.e., the
bias was more than three percent over the
10-year period, 1960-70).

1970-1974 lost units,—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume 1, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and

nonsampling errors. The “accuracy”’ of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of

the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for thet AHS-SMSA sam-
ple.—The particular sample used for this
survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.
As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors (nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.
- The sample estimate and its esti}nated
standard error enable one to construct

“interval estimates in which the interval

includes the average result of all possible
samples with a known prgbability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
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above the estimate would include the
average result of all possible samples.

2, Approximately 90 percent of the
intervals from 1.8 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average result of all possible
samples.
The average result of all possible samples
may or may not be contained in any
particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed interval,

The figures presented in the table
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult,. the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific itern.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory as well as
estimates of characteristics of the
1970-74 lost units. Linear interpolation
should be used to determine the standard
errors for estimates not specifically
shown in table I.

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
g, = the standard error of
the numerator
UY = the standard error of

the denominator

The standard error of the percentage
(i.e., (100} (x/y}) is approximately equal

1o
" {100) (x/y) /(g)2 ﬂiy)z

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-

TABLE |. Standard Errors for Estimated
Number of Housing Units in the 1974 Housing
Inventory and for Estimated Number of
1970-1974 Lost Units for the Odando, Fla.,
SMSA

(68 chances out of 100)

Size of | Standard | Size of | Standard
estimate error estimate error
100 70 5,000 460
200 90 | 10,000 640
50C 160 | 25,000 970
1,000 210 | 50,000 1,270
2,500 350 {100,000 1,470

estimates the standard error of the ratio
when there is little or no correlation
between x and y. For this type of ratio a
better epproximation of the standard
error may be obtained by changing the
sign in the formula from minus (=} to
plus (+}.

Hustration of the use of the standard
error table.—Table 2 in part C of this
report shows that in this SMSA there
were 20,600 specified owner-occupied
housing units with two bedrooms in
1974. Interpolation in tabie | of this
appendix shows that the standard error of
an estimate of thjs size is approximately
870. Consequently, the 68-percent
confidence interval is from 19,730 to
21,470 housing wunits. Therefore, a
conclusion that the average estimate of
1974 specified owner-occupied housing
untits with two bedrooms, derived from
all possible samples, lies. within a range
computed in this way would be correct

\

for roughly 68 percent of all possible
samples. Similarly, we could conclude
that the average estimate derived from all
possible samples lies within the interval
from 19,210 to 21,990 housing units
with 90 percent confidence; and that the
average estimate lies within the interval
from 18,860 to 22,340 housing units
with 95 percent confidence.

Table 2 in part C also shows that of
the 20,600 specified owner-occupied
housing units with two bedrooms, 5,100
or 24.8 percent, were valued between
$15,000 and $19,999. Table | of this
appendix shows that the standard error
for 5,100 is approximately 460. There-
fore, using the formula for the standard
error of a percentage {as shown in the
paragraph preceding table 1 of this
appendix), the standard error of 24.8
percent is approximately 2.Q percentage
points:

_ 5,100 460 \? 870\ ?
2_'0 = 1100) (20.600)\/(5,100) - (20,600)
Consequently, the 68-percent confidence
interval, as shown by these data, is from
228 to 26.8 percent; the 90-percent
confidence interval is from 21.6 to 28.0

percent; and the 95-percent confidence
interval is from 20.8 to 28.8 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is guite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hustration of the computation of the
standard error of a difference.—Table 2
in part C of this SMSA report shows that
in 1974 there were 2,800 specified
owner-occupied units with two bedrooms
valued between $10,000 and $14,999.
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Thus the apparent difference between the
number of 1974 owner-occupied units
with two bedrooms valued between
'$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 2,300.
The standard error of 5,100 is 460 as
shown above, Table | also shows the
standard error on an estimate of 2,800 to
be approximately 3860. Therefore, the
standard error of the estimated difference
of 2,300 is about

580 = 1/{460)* + (360)?

Consequently, the 68-percent confidence
interval for the 2,300 difference is from
1,720 to 2,880 housing units, There'fore,
a conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
to 90-percent confidence interval is from
1,370 to 3,230 housing units, and the
95-percent confidence interval is from
1,140 to 3,460. Thus, we can conclude
with 95.percent confidence that the
number of 1974 owner-occupied housing
units with two bedrooms, valued between
$15,000 and $19,999 is greater than the
number of units valued between $10,000
and $14,999 since the 95-percent confi-
dence interval does not include zero or
negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
‘stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:

(1) From table | in conjunction with
the formula for the standard error of a
percentage, determine the standard
error of a 50-percent characteristic on
the base of the median;

{2} add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

(3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between 'these two
values.

A two-standard-error confidence inter-

‘val may be determined by finding the

values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

Mlustration of the computation of the

standard error of a median.—Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $20,600 in 1974.
The base of the distribution from which
this median was determined is 20,600
housing units.

1, Table I, in conjunction with the
formula for the standard error of a
percentage, shows that the standard
error of B0 percent on a base of
20,600 is 2.3 percentage points:

= 10,300 650)? 870)’
2.3-[1001(3@)\%0,300) - (‘20,600

2. To obtain a two-standard-error con-
fidence interval on the estimated
median, add to and subtract from 50
percent twice the standard error deter-
mined in step 1. This yields percentage
limits of 45.4 to 54.6.

3. From table 2 in part C of this
report it can be seen by cumulating
the frequencies for the first three
categories that 4,600 owner-occupied
housing units with two bedrooms, or
24.8 percent, had a value less than
$15,000; and an additional 5,100
owner-occupied housing units with
two bedrooms, or 24.8 percent had a
value between $15,000 and $19,999;
and an additional 4,600, or 22.3 per-

cent, had a value between $20,000 and
$24,999,

By linear interpolation, the lower limit of
the 95-percent confidence interval is found
to be about

$15,000 + ($5,000) (%) - $19,700

Similarly, the upper limit of the 95-
percent confidence interval is found to
be about

$20,000 + (ss,coom'(‘r""Ei = 222233 = 248)_ $31,700

Thus, the 95-percent confidence interval
ranges from $19,700 to $21,700.

Nonsampling errors.—In  general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well.

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errars associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

1970 census.—Several studies were con-
ducted 'to measure two types of general
errors—'‘coverage’” errors and “content”
errors—associated with 1970  census
estimates.

The “coverage’’ errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which bath
the living quarters and its occupants
were missed in the census or in which
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they were counted more than once
{overenumerated). Space errors usualty
are the largest component of housing
coverage error.

2. Definitional errors.—This type of
error is best described by an exampte.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The “content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors

arising from the erroneous or unreliable

reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent. '

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys,

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research Program  Reports, Series
PHC(E}-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E)-10,
Accuracy of Data for Selected Housing
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Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “Th2 total missed rate for housing
units in 1970 is estimated to be 2.5
percent”; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 2.5 were missed.
(PHC(E)-5, p.3)
2. “The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors ocecurred within
structures included in the census and
about three-fourths were due to
missed structures. (PHC{E)-5, p.4)
3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.,” {PHC(E}-5, p.11)
4. .""Most of the vacant units that were
enumerzted as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”’
{PHC(E}-5, p. 16) Approximately 16,5
percent of all units initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initiatly
enumerated as occupied should have
been enumerated as vacant.
{PHC(E)-5, p. 15)
5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.” (PHC(E}-10, p.6) The
above statement applied to the follow-
ing iterns:

a. heating fuel

b. renters paying extra for utilities
and/or fuel
bathtub or shower
. flush toilet
. telephone availability
year structure built
. value of home
. seasonal vacancy status

Ta +~m a0

“Heating fuel, year structure built,
and value of home are more con-

sistently reported for units with a

non-Negro head, while bathtub or

shower and flush toilet are more con-

sistently reported for units with a

Negro head.” (PHC(E)-10, p. B)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the results of these
studies. A detsiled description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error
associated with the AHS estimates. A
reinterview program was conducted for a
sample of the AHS households., These
households were revisited and answers to
some of the questions on the AHS
questionnaire were obtained again. The
original interview and the reinterview
were assumed to be two independent
readings and, thus, were the basis for the
measurement of the accuracy of the AHS
data collected from enumerated house-
holds.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited,

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built’" was obtained.

4. The correct information on “Ten-
ure’” was obtained.

5. The correct information on “House-
hold Composition” was obtained.
6. The correct information on “Type
of Housing Unit" was obtained.
7. The correct information on *‘QOc-
cupancy  Status” was obtained.

This check was made for interviewer
evaluation and control, That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
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The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974.”

Some of the results of this study are
presented below. (Please note that these
results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA.}

1. “"The results indicate that the inter-
viewers are doing a good job. From a
total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household compaosition, and & in con-
tent reinterview.”
2. A moderate level of inconsistency
in responses existed between the orig-
ina! interview and the reinterview for
most of the items selected for the
reinterview. The items with the higher
levels of inconsistency tended to be
the attitude and opinion items which
were expected to have higher in-
consistency levels,

3. “Our bias indicator, the net differ-

ence rate, revealed 7 categories out of

78 (78 from a total of 87 categories

had enough data to compute reliable

measures of response error) were
significantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results,

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample

had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued prior to 1970
would have been completed by the time
of the 1970 census {i.e., April 1970)
and, therefore, would have been repre-
sented in the sample selected from 1970
census units, However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 3,400 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
tationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA,

In addition, uniike the procedure for
conventiona!l new construction, there is
no sampting procedure specifically for
new mobile homes (and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do

come into sample if the mobile homes
are located in mobifte home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located ip- mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated
that approximately 6,300 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was -obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1970, and mobile homes built be-
tween 19656 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey,

App-33



Phoenix 1974



APPENDIX B—Source and Reliability of the Estimates

SAMPLEDESIGN . ............. App-26
Salection of thesample . .. ...... App-26
Building loss sample selection .... App-27
1970 Census of Population and

Housing...........co0c0nues App-27

ESTIMATION .. ... ............. App-27
1974 housing inventory ........ App-27
1970-1974 lostunits . . . ........ App-28
Ratio estimation procedure of the

1970 Census of Population and
Housing. ................... App-28
RELIABILITY QF THE
ESTIMATES . ..............c.00. App-29
Sampling errors for the AHS-
SMSAsample ............... App-29
Nlustration of the use of the
standard error tables .. ...... App-30
Differences ................ App-30
llustration of the computation
of the standard error of a
difference _................ App-30
Medians.......oonnvvnnnnns App-30
Illustration of the computation
of the standard error of a
median ..........c....... App-31
Nonsamglingemors .. .......... App-31
1970census ............... App-31
App-32

AHSSMSA ................

SAMPLE DESIGN

The estimates for each of the 19 SMSA’s
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from April 1974 through
March 1975 with one-tweifth of the
sample units being visited each month.

Data for a second group of 21 SMSA’'s
were collected for the AHS from April
1975 through March 1978, and for 2
third group of 20 SMSA's, from April
1976 through March 1977. The sample
housing units for each group of SMSA’s
will be enumerated every three years on a
rotating basis.

The four largest SMSA's in each group
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are represented separately by a sample of
15,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA’s are each represented
by a sample of 5,000 designated housing
units distributed proportionatety between
the central city and the balance of the
respective SMSA based on the distri-
bution of total housing units in -each
sector.

The four largest SMSA's in the first
group {Year | SMSA’s) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va.

The remaining SMSA’s in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa Ana-Garden Grove,
Calif.,, Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minn., Newark, N.J., Ortando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash,, Tacoma, Wash., and Wichita, Kans.

In th2 Phoenix, Ariz., SMSA‘, 4,870
sample housing units were eligible for
interview. OF this number, 120 interviews
were not obtained because, for occupied
housing units, the occupants were not at
home after repeated visits or were un-
available for some other reason; or, for
vacant units, no informed respondent
could_be found after repeated visits. In
additionnto units eligible for interview,
380 unitsjwere visited and found to be
condemned, unfit, demolished, converted
to-group guarters use, etc., and, there-
fore, were not eligible for interview,

Selection of the sample.—The AHS sam-
ple for the Phoenix, Ariz. SMSA was
selected from two sample frames— units
enumerated in the 1970 Census of
Housing and Population {the 1970 census
universe} and units constructed since the
1970 census (the new construction uni-
verse). Sampling operations, described in

the following paragraphs, were performed
separately within the central city and the
balance of this SMSA for each of these
sample frames, The overall sampling rate
was about the same for the sample
selected from both the central city and
the balance of this SMSA since the
sample was distributed proportionately
between the central city and the balance
of this SMSA according to the distri-
bution of total units in each sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1870 Census of Housing and Popu-
lation. This file contained records for
oceupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro), and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Household Owner Renter
income Family size] Family size
123456+ [123465+
Under $3,000 . . ..
$3,000-$5999, , .
$6,000-$9,999 . . .
$10,000—$14,999 .
$15,000 and over ., .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district {(ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that'
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 ({i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA,
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four {usually
adjacent) housing units were formed.
. These clusters were then sampled for
inclusion at the overall sampling rate.

Building loss sample selection.—Statistics
in this report provide estimates of the

1970 characteristics of housing units

removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration}. For the 1970 census

universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

1870 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either
20-percent, 15-percent, or 5-percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa-
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a three-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight l(i.e., the inverse of the
probability of selection) for each inter-
viewed - sample housing unit was adjusted
to account for the 120 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-

lowing ratio:

Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA. Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the 1970 census universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated) and one noninterview cell for
new construction sample housing units.

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the 1970 census universe.
This factor was computed separately for
all sample housing units within each
1970 census universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
1970 census universe in a celf
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of ail AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight li.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for
each sample unit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio. estimation
procedure was to reduce somewhat the
variation in sample size for strata used in
the sample selection for the 1870 census
universe. Ordinarily, this would have been
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controlled by sampling within the strata -

during the sample selection process. How-
ever, prior to the AHS sample selection
within each SMSA, units already selected
for other Census Bureau surveys were
deleted from the 1970 census universe.
Thus, some variation in sample size was
introduced during the AHS sample
selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-
struction units (i.e., conventional units
built after April 1970), new mobile
homes (i.e., mobile homes placed after
April 1970}, or “other addition” units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error).

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

Qctober 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction

units.
New mobilehomes . . .. ... ..
“Other additions™. . . .. ... ..

The numerators of the ratios were
derived by applying the following fac-
tors: {1) For the “conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 huild-
ing permits issued in this SMSA; (2) for
the “new mobile homes” cell, a 1970
census relationship between total new
construction and new mobile homes that
existed in this SMSA for the 19651970
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period was applied; and (3) for the
‘‘other additions” cell, rates from
SCARF! for “other additions” was ap-
plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The third-stage ratio estimation proce- .

dure was employed for all sample units.
This procedure was designed to adjust the
AHS sample estimate of the October
1974 housing inventory for this SMSA to
a final independent estimate of the Octo-
ber 1974 housing inventory. This ratio
estimation factor equaled the following:

Independent estimate of the October

1974 housing inventory for the SMSA

AHS sample estimate of the housing
inventory

of the

The numerator ratio was

- derived by using 1970 census estimates of

total hcusing units for the SMSA in
conjunction with estimates of the change
in the housing inventory since the census,
These changes were based mostly on
administrative records from utility com-
panies, or, when utility data was not
available, on estimates of new construc-
tion permits and post-census demolitions.
The denominator of that ratioc was
obtained from the weighted estimate of
AHS sample units, using the existing
weight after the second-stage ratio estima
tion procedure, The computed third-stage
ratio estimation factor was then applied to
the existing weight for each sample unit
and the resulting product was used as the
final weight for tabulation purposes.

The effect of the third-stage ratio
estimation procedure, as well as the over-

all estimation procedure, was to reduce

! SCARAF denotes the Survey of Components
of Change and Residential Finance, a survey
conducted in 19657-19589 by the Census
Bureau,

‘the sampling error for most statistics

below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement
with known estimates of the SMSA
housing population.

In some of the Year | SMSA's, the
third-stage ratio estimation procedure
was not employed. The reliability' of
this independent estimate varied by
SMSA, depending on the completeness of
the utility data or the permit-demolition
data. However, a measure of the relia-
bility (i.e., the relative bias) of these
independent estimates was available based
on a comparison between the 1970 cen-
sus estimate of the April 1970 housing
inventory and the Apiil 1970 inde-
pendent estimate of the housing in-
ventory generated from the procedure
used to produce the October 1874
independent estimates, As a consequence,
the independent estimates were only
employed in those SMSA’s where the
estimated relative bias was low enocugh
{i.e., 3 percent or less over a 10-year
period) to preclude the possibility of
doing more harm than good to the survey
results.

For this SMSA, this independent esti-
mate was employed because it was con-
sidered reliable {i.e., its relative bias was
3 percent or less over the 10-year period
1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 |ost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatche”’
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lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume I, Housing
Characteristics for States, Cities, and
Counties, Part 1. .

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy” of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from_ the 1970
census is in the 1970 Census of Housing
report, Volume 1, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this

survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors (nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average resuit of all possible

‘samples with a known probability. For

example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-

ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-

clude the average result of all possible
samples.

The average result of all possible samples
may or may not be contained in any
particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table Il
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
error for estimates not specifically shown
in tables | and I,

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
o, = the standard error of
the numerator
o, = the standard error of

the denominator

The standard error of the percentage
{i.e., (100} {x/y}) is approximately equal

to
(100) (x/y) /(;5)2 ~(;_¥)2

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-
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TABLE |. Standard Errors for Estimated
Number of Housing Units in the 1974 Housing
Inventory for the Phoenix, Ariz., SMSA

(68 chances out of 100)

Size of | Standard | Size of { Standard
estimate error estimate error
200 140 | 10,000 970
500 |. 220 | 25000 | 1,510
1,000 310 | 50,000 2,070
2,500 490 {100,000 2,750
5,000 690 |250,000 3,330

TABLE Il. Standard Errors for Estimated
Number of 1970-1974 Lost Units for the
Phoenix, Ariz., SMSA

{68 chances out of 100)

Size of | Standard | Size of | Standard
estimate error estimate error
100 80 5,000 610
300 150 7,600 750
500 190 | 10,000 .880
700 220 | 15,000 1,100
1,000 270 | 20,000 1,300
2,500 420

estimates the standard error of the ratio
when there is little or no correlation
between x and y, For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formuta from minus () to
plus (+).

lllustration of the use of the standard
error tables.—Table 2 in part C of this
report shows that in this SMSA there
were 52,600 specified owner-occupied
housing units with two bedraoms in
1974. Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
2,110. Consequently, the 68-percent
confidence interval is from 50,490 to
64,710 housing units. Therefore, a
conciusion that the average estimate of
1974 specified owner-occupied housing
units with two bedrooms, derived from
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all possible samples, lies within a range
computed in this way would be correct
for roughly 68 percent of all possible
samples. Similarly, we could conclude
that the average estimate derived from all
possible samples lies ugithin the interval
from 49,220 to 55,980 housing units
with 99 percent confidence; and that the
average estimate lies within the interval
from 48,380 to 56,820 housing units
with 95 percent confidence.

Table 2 in part C also shows that of
the 52,600 specified owner-occupied
housing units with two bedrooms,
13,800, or 26.2 percent, were valued
between $15,000 and $19,999. Tabie | of
this appendix shows that the standard
error for 13,800 is approximately 1,110.
Therefore, using the formula for the
standard error of a percentage (as shown
in the paragraph preceding table 1 of this
appendix), the standard error of 26.2
percent is approximately 1.8 percentage
points:

18- (100 (12800 /( 111082 2,110)2
: 52,600 13,800/ ~ \52,600

Consequently, the 68-percent confidence
interval, as shown by these data, is from
24.4 to. 28.0 percent; the 90-percent
confidence interval is from 23.3 to 29.1
percent; and the 95-percent confidence
interval is from 22.6 to 29.8 percent.

Differenrces. —The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate-considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA's or the difference between sepa-
rate anc uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hllustration of the computation of the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that in

1974 there were 4,500 specified owner-
occupied units with two bedrooms vajued
between $10,000 and $14,999,
Thus the apparent difference between the
number of 1974 owner-occupied units
with two bedrecoms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 9,300,
The standard error of 13,800 is 1,110 as
shown above., Table | also shows the
standard error on an estimate of 4,500 to
be approximately 650. Therefore, the
standard error of the estimated difference
of 9,300 is about

1,290 =+/ (1,110)2 + (650)2

Consequently, the 68-percent confidence
interval for the 9,300 difference is from
B,010 to 10,590 housing units. Therefore,
a conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 90-percent confidence interval is from
7,240 to 11,360 housing units, and the
95-percent confidence interval is from
6,720 to 11,880. Thus, we can conclude
with 95.-percent confidence that the num-
ber of 1974 owner-occupied housing
units with two bedrooms, valued between
$15,000 and $19,999 is greater than the
number of units valued between $10,000
and $14,999 since the 95-percent con-
fidence interval does not include zero or
negative values,

Medians.—For the medians presented in
certain tables, the sampling errdt depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:

{1) From table | or Il in conjunction

with the formula for the standard
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error of a percentage, determine the
standard error of a 50-percent charac-
teristic on the base of the median;

{2) add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

{3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would fie be-
tween these two values.

Hlustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $22,500 in 1974,
The base of the distribution from which
this median was determined is 52,600
housing units.

1. Table |, in conjunction with the
formula for the standard error of a
percentage, shows that the standard
error of B0 percent on a base of
52,600 is 2.1 percentage points:

B 26,300 1,640 ° 2,110\ °
21- ”00’(52,600)\/(26,300) B (52,600)

2. To obtain a two-standard-error
confidence interval on the estimated
median, add to and subtract from 50
percent twice the standard error
determined in step 1. This. yields
percentage limits of 45.8 to 54.2

3 From table 2 in part C of this report
it can be seen by cumulating the
frequencies for the first three cate-
gories that 20,800 owner-occupied
housing units with two bedrcoms, or
395 percent, had a value less than
$20,000; and an additional 11,200

owner-occupied housing units with
two bedrooms, or 21.3 percent, had a
value between $20,000 and $24,999.

By linear interpolation, the lower limit of
the 95-percent confidence interval is found
to be about

458 - 395

513 ) =$21,500

$20,000 + {$5,000) (
Similarly, the upper limit of the 95-
percent confidence interval is found to
be about

$20,000 + ($5,000} (5%?%9—5) - $23,500
Thus, the 95-percent confidence interval
ranges from $21,500 to $23,500.

Nonsampling errors.—fn general,
sampling errors can be attributed to many
sources: /nability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well.

Obtaiﬁing a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample,

1970 census.—Several studies were con-
ducted to measure two types of general
errors—"‘coverage’’ errors and “content”
errors—associated with 1970 census
estimates.

The "‘coverage’ errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both

non- -

the living quarters and its occupants
were missed in the census or in which
they were counted more than once
(overenumerated}. Space errors usually
are the largest component of housing
coverage error.

2. Definitional errors.—This type of
error is best described by an example,
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census guestionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The *“content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unretiable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two- readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys. :

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research  Program  Reports, Series
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PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E)}-10,
Accuracy of .Data for Selected Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.5
percent”; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 2.5 were missed.
{PHC(E}-5, p.3)

2. “The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. {(PHC{E)-5, p.4}

3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.”” (PHC(E)-5, p.11}

4, .“Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as wvacant were
caused by enumerator error.”
{PHC(E)-5, p. 16) Approximately 16.5
percent of all units initially enurner-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as "“vacant.
(PHC(E)-5, p. 15)

B. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.” (PHC(E)-10, p.6) The
above statement applied to the follow-
ing items:

a. heating fuel

b. renters paving extra for utilities

and/or fuel

¢. bathtub or shower

d. flush toilet

e. telephone availability

App-32

f. year structure built
g. value of home
h. seasonal vacancy status

“Heating fuel, year structure built,
and value of home are more con-
sistently reported for units with a
non-Megro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E}-10, p. B)

The rasults of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above,

AHS-SMSA. ~For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error asso-
ciated with the AHS estimates. A rein-
terview program was conducted for a
sample of the AHS households, These
households were revisited and answers to
some of the questions on the AHS
questionnaire were obtained again. The
original interview and the reinterview
were asiumed to be two independent
readings and, thus, were the basis for the
measurment of the accuracy of the AHS
data collected from enumerated house-
holds.

As part of the reinterview, a check was
made at each of these households to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on ""Year
Built” was obtained.

4. The correct information on ‘“Ten-
ure’’ was obtained,

5. The correct information on "“House-
hold Composition” was obtained.
6. The correct information on "“Type
of Housing Unit” was obtained.
7. The correct information on “Oc-

cupancy  Status’”  was obtained.
This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974."

Some of the results of this study are
presented below. (Please note that these
results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA,)

1. ""The results indicate that the inter-
viewers are doing a good job. From a
total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household composition, and 6 in con-
tent reinterview.”

2. A moderate level of inconsistency
in responses existed between the ori-
ginal interview and the reinterview for
most of the items selected for the
reinterview. The items with the higher
levels of inconsistency tended to be
the attitude and opinion items which
were expected to have higher in-
consistency fevels.

3. "Our bias indicator, the net differ-
ence rate, revealed 7 categories out of
78 (78 from a total of 87 categories
had enough data to compute reliable
measures of response error) were
significantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results,

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of ' building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
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new construction in permit-issuing areas
for this SMSA., It had been assumed that

units with permits issued prior to 1970

would have been completed by the time
of the 1970 census (i.e., April 1970}
and, therefore, would have been repre-
sented in the sample selected from 1970
census units, However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 6,700 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units

authorized by the 1968 and 1969 permits
for this SMSA.

. In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new maobile homes (and trailers) in
permit-issuing areas. However, new

mobile homes in permit-issuing areas do -

come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing

areas that are located in mobile home’

parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated
that approximately 19,500 'new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was obtained by
applying the relationship for this SMSA,

between total units built between 1965
and 1970, and mobile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists.

L

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured, The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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SAMPLE DESIGN

The estimates for each of the 19 SMSA's
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA’s,
-the data were collected during a 12-
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month,

Data for a second group of 21 SMSA's
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA’s, from April
1976 through March 1977. The sample
housing units for each group of SMSA's
will be enumerated every three years on a
rotating basis.

The four largest SMSA's in each group
are represented separately by a sample of
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16,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA's are each represented
by a sample of 5,000 designated housing
units distributed proportionately: between

the central city and the balance of the

respective SMSA based on the distri-
bution of total housing wnits in each
sector,

The four largest SMSA's in the first
group (Year | SMSA's) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va,

The remaining SMSA’s in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa Ana Garden Grove,
Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minn., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,.
Wash., Tacoma, Wash., and Wichita, Kans.

In the Pittsburgh, Pa., SMSA¥ 4,920

{

sample housing units were eligible for” .

interview. Of this number, 160 interviews
were not obtained because, for occupied
housing units, the occupants were not at
home after repeated visits or were un-
available for some other reason; or, for
vacant units, no informed respondent
could be found after repeated visits. In
addition_to units eligible for interview,
340 _units were visited and found to be
condemned, unfit, demolished, converted
to group quarters use, etc., and, there-
fore, were not eligible for interview.

Selection of the sample.—The AHS sam-
ple for the Pittsburgh SMSA was selected
from three sample frames: Housing units
enumerated in the 1970 Census of
Housing and Population in areas under
the jurisdiction of permit-issuing offices
for this SMSA (the permit-issuing uni-
verse), units constructed since the 1970
census in permit-issuing areas {the new
construction universe}, and units located
in areas not under the jurisdiction of

permit-issuing offices (the nonpermit
universe}. Sampling operations, described
in the following paragraphs, were per-
formed separately within the central city
and the balance of this SMSA for each of
these sample frames. The overall sampling
rate was about the same for the sample
selected from both the central city and
the balance of this SMSA since the
sample was distributed proportionately
between the central city and the balance )
of this SMSA according to the distri-
bution of total units in each sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro), and the vacant_housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Household Owner Renter
income Family size] Family size
12345+ 123456+
Under $3,000 . . . .
$3,000-$5999. . .
$6,000-59,999 . . .
$10,000—%$14,999 .
$15,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
. census tract and census enumeration
district {ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA,
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four (Usually
adjacent} housing units were formed.
These clusters were then sampled for
inclusion at the overaltl sampling rate.

Thé remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices {i.e., the nonpermit
universe). The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas. Prior to this sample

selection, the ED’'s were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size:

Group quarters

Number of housing population in

units in 1970 1970 census ED
census ED 3

4

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four (usuatly adjacent)
housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
(i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration). For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer .determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc
tures in which all housing units were
removed from the inventory) and part
structure losses {i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary ‘to select an independent sample
with which to measure lost units because

of the area sampie technigue employed
for the regular AHS sample. For this
independent sample, a cluster of four
{usually adjacent) housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.

From these units, only estimates of whole ’

structure losses were obtained (i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing

inventory that existed at the time of the -

1970 census) are based on either
20-percent, 15-percent, or 5-percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa-
rate, though similar, estimation procedure
as described below,

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a three-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight {i.e., the inverse of the

‘probability of selection} for each inter-

viewed sample housing unit was adjusted
to account for the 160 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio: '
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Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA, Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permit-issuing universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated), one noninterview cell for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified as being built April -1,
1970, or later, were considered as new
construction units for the purpose of the
noninterview adjustment.

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the permit-issuing universe,
This factor was computed separately for
ali sample housing units within each
permit-issuing universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a cefl
AHS sample-estimate of 1970 housing
units from the cell

The numeérators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight (i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for
each sample unit within the corre-
sponding first-stage ratio estimation
category. .

The effect of this ratio estimation
procedure was to reduce somewhat the
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‘Conventional new construction

variation in sample size for strata used in
the sample selection for the permit-
issuing universe. Ordinarily, this would
have been controlled by sampling within
the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-
issuing universe. Thus, some variation in
sample size was introduced during the
AHS sample selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-

struction units (i.e., conventional units

built after April 1970}, new mobile
homes {i.e., mobile homes placed after
April 1970), or “other addition” units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error), :

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

units, . ... e e e e
New mobilehomes , . ... .. ..
“Other additions”. . . . ... ...

The numerators of the ratios were
derived by applying- the following fac-
tors: (1) For the “conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 huild-
ing permits issued in this SMSA; (2} for
the ““new mobile homes” cell, a 1970
census selationship between total new

construction and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the
‘‘other additions’” cell, rates from
SCARF! for "other additions” was ap-
plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The third-stage ratio estimation proce-
dure was employed for all sample units,
This procedure was designed to adjust the
AHS sample estimate of the October
1974 housing inventory for this SMSA to
a final independent estimate of the Octo-
ber ,1974 housing inventory. This ratio
estimation factor equaled the following:

Independent estimate of the October

1974 housing inventory for the SMSA

"AHS sample estimate of the housing
inventory

The npumerator of the ratio was
derived by using 1970 census estimates of
total housing units for the SMSA in
conjunction with estimates of the change
in the housing inventory since the census.
These changes were based mostly on
administrative records from utility com-
panies, or, when utility data was not
available, on estimates of new construc-
tion permits and post-census demolitions.
The denominator of that ratio was
obtained from the weighted estimate of
AHS sample units, using the existing
weight after the second-stage ratio estima-
tion procedure. The computed third-stage
ratio estimation factor was then applied to
the existing weight for each sample unit
and the resulting product was used as the
finat weight for tabulation purposes.

The effect of the third-stage ratio
estimation procedure, as well as the over-

' SCARF denotes the Survey of Companents
of Change and Residential Finance, a survey
conducted in 1957-1959 by the Census
Bureau.
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all estimation procedure, was to reduce
the sampling ermor for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement
with a more reliable estimate of the
SMSA housing population,

In some of the Year | SMSA’s, the
third-stage ratio estimation procedure
was not employed. The reliability of
this independent estimate varied by
SMSA, depending on the completeness of
the utility data or the permit-demolition
data. However, a measure of the relia-
bitity (i.e., the relative bias) of these
independent estimates was available based
on a comparison between the 1970 cen-
sus estimate of the April 1970 housing
inventory and the April 1970 inde-
pendent estimate of the housing in-
ventory generated from the procedure
used to produce the October 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA’s where the
estimated relative bias was low enough
{i.e., 3 percent or less over a 10-year
period} to preclude the possibility of
doing more harm than good to the survey
) results.

For this SMSA, this independent esti-
mate was employed because it was con-
sidered reliable (i.e., its relative bias was
3 percent or less over the 10-year period
1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match, Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was

adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy” of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this

survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the.
standard error also partially measures the
variation in the estimates due to response
and enumerator errors (nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of ail possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,

_and an estimate and its estimated stand-

ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
fow the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
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clude the average result of all possible
samples.

The average result of all possible samples
may or may not be contained in any
particular computed interval. For a partic-
ular sample, however, one can say with
spacified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable 1o a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table 1 presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table Il
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
errof for estimates not specifically shown
in tables | and 1.

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
vy = the denominator
o, = the standard error of
the numerator
Uv = the standard error of

the denominator

The standard error of the percentage
{i.e., (100} {x/y}} is approximately equal

- to
(100} (x/y} /(%)2 -(;1)2

The standard errors of x arid y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-
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Table I.'Standard Errors for Estimated Number
of  Housing Units in the 1974 Housing
Inventory for the Pittshurgh SMSA

{68 chances out of 100)

Size of | Standard | Size of | Standard
estimate grror estimate error
200 180 | 25,000 2,040
500 290 | 50,000 2,830
1,000 410 | 100,000 3,880
2,500 650 {250,000 5,460
5,000 920 |500,000 5,790
10,000 1,300 {750,000 3,360
Table MH. Standard Errors for Estimated

Number of 1970-1974 Lost Units for the
Pittsburgh SMSA

{68 chances out of 100)

Size of | Standard | Size of | Standard
estimate error estimate error

100 120| 5000 | 890
200 170 7,500 1,110
500 270 10,000 1,300
700 320 15,000 1,640
1,000 390| 20,000 1,940
2,500 620| 27,900 2,390

estimates the standard error of the ratio
when there is little or no correlation
between. x and y. For this type of ratioa
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus {—) to
plus (+).

Hlustration of the use of the standard
error tables.—Table 2 in part C of this
report shows that in this SMSA there
were 126,100 specified owner-occupied
housing units with two bedrooms in
1974. Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
4,150. Consequently, the 68-percent con-
fidence interval is from 121,950 to
130,250 housing units. Therefore, a
conclusion that the average estimate of
1974 specified owner-occupied housing
units with two bedrooms, derived from
all possible samples, lies within a range
computed in this way would be correct

for roughly 68 percent of all possible
samples. Similarly, we could conclude

_that the average estimate derived from all

possible samples lies within the inverval
from 119,460 to 132,740 housing units
with 90 percent confidence; and that the
average estimate lies within the interval
from 117,800 to 134,400 housing units
with 95 percent confidence.

Table 2 in part C also shows that of the
126,100 specified owner-occupied
housing units with two bedrooms, 27,800
or 22.0 percent, were valued between
$15,000 and $19,999, Table | of this
appendix shows that the standard error
for 27,800 is approximately 2,130.
Therefore, using the formula for the
standard error of a percentage {as shown
in the paragraph preceding table | of this
appendix), the standard error of 22.0
percent is approximately 1.5 percentage

2 2
3.5 = {100y 27800 2,130\°_ {_4,150
126,100 27,800 126,100

. Consequently, the 68-percent confidence

interval, as shown by these data, is from
20.5 to 23.5 percent; the 90-percent
confidence interval is from 19.6 10 24.4
percent; and the 95-percent confidence
interval is from 19.0 to 25.0 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two estimates, The standard
error of a difference between estimates is
approximately equal to the square root of_
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

HHiustration -of the computation of the
standard error of a difference.—Table 2
in part C of this SMSA report shows
that in 1974 there were 30,700 specified
owner-occupied units with two bedrooms
valued between $10,000 and $14,999.
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Thus the apparent difference between the
number of 1974 owner-occupied units
" with two bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 2,900.
The standard error of 27,800 is 2,130, as
shown above. Table 1| also shows the
standard error on an estimate of 30,700
to be approximately 2,220. Therefore,

the standard error of the estimated dif-’

ference of 2,900 is about:

3,080 = 4/ (2,130)2 + (2,220)?

Consequently, the 68-percent confidence
interval for the 2,900 difference is from
—180 to 5,980 housing units. Therfore, a
conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 90-percent confidence interval is from
—2,030 to 7,830 housing units, and - the
95-percent confidence interval is from
—3,260 to 9,060. Thus, we cannot con-
clude with 95 percent confidence that the
number of 1974 owner-occupied housing
units with two bedrooms, valued between

$10,000 and $14,999 is greater than the

number of units valued between $15,000
and $19,999 since the 95-percent confi-
dence interval includes zero or negative
values. We also cannot conclude with
either 90 percent or 68 percent confi-
dence that the 30,700 is greater than the
27,800 since both the 90-percent and
68—per'cent confidence intervals includes
zero or negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data: .
(1) From table | or 1l in conjunction
with the formula for the standard

error of a percentage, determine the
standard error of a B0-percent charac-
teristic on the base of the median;

(2} add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

(3) using the distribution of the

characteristic, read off the confidence

interval corresponding to the two
points éstablished in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

Hlustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $17,200 in 1974,
The base of the distribution from which
this median was determined is 126,100
housing units.

1. Table |, in conjunction with the
formula for the standard error of a
percentage, shows that the standard
error of B0 percent on a base of
126,100 is 1.8 percentage points: -

R 63,050 3.100\? 4,15012
1801 00'(1 26,100)\/(63,050) (1 26.100)

2. To obtain a two-standard-error con-
fidence interval on the estimated medi-
an, add to and subtract from 50
percent twice the standard error
determined in step 1. This yields
percentage limits of 46.4 to b3.6.

3. From table 2 in part C of this report
it can be seen by cumulating the
frequencies for the first three
categories that 50,500 owner-occupied
housing units with two bedrooms, or
40.4 percent, had a value less than
$15,000; and an additional 27,800

owner-occupied housing units with
two bedrooms, or 22.0 percent had a
value between $15,000 and $19,999,

By linear interpolation, the lower limit of

the 95-percent confidence interval is
found to be about:
$15,000 + ($5,000) (36—'42;3&) - $16,500

Similarly, the upper limit of the 95-
percent confidence interval is found to
be about:

6 — 40, _
$15,000 + ($5,000} (ﬂﬁ—o) - $18,100

Thus, the 95-percent confidence interva!
ranges from $16,500 to $18,100,

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the ahove list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well,

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

1970 census.—Several studies were con-
ducted to measure two types of general
errors—"‘coverage’” errors and “content”
errors—associated with 1970 census
estimates.

The “coverage’’ errors determined how
completely housing units were counte
in the census and included the following:

1. Space errors,—Errors in which both
the living quarters and its occupants
were missed in the census or in which
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they were counted more than once
{overenumerated). Space errors usually

are the largest component of housing |

coverage error.
2. Definitional errors.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Cccupancy errors,—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The “content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census guestionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source,

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research Program  Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC{E)-10,
Accuracy of Data for Selected Housing
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Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.6
percent”; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 25 were missed.
(PHC[E)-5, p.3)
2. “The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. {(PHC(E}-5, p.4}
3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” (PHC{E)-5, p.11)
4, .""Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
{PHC{E)-5, p. 16} Approximately 16.5
percent of all units initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant.
{(PHCIE)-5, p. 15}
5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit . structures reported more con-
sistently than those in multi-unit
structures.” (PHC(E)-10, p.6) The
above statement applied to the follow-
ing items:
a, heating fuel

. renters paying extra for utilities

and/or fuel
. bathtub or shower
flush toilet
. telephone availability
year structure built
. value of home
. seasonal vacancy status

“Heating fuel, year structure built,
and value of home are more con-

o

FE@ =~ Qo

- nonsampling error.

sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” {PHC(E)-10, p. 8}

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error associ-
ated with the AHS estimates. A reinter-
view program was conducted for a sample
of the AHS households. These households
were revisited and answers to some of the
guestions on the AHS questionnaire were
obtained again. The original interview and

. the reinterview were assumed to be two

independent readings and, thus, were the
basis for the measurement of the accu-
racy of the AHS data collected from
enumerated households.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited, '

2. The correct number of housing
units were interviewed at that address,
3. The correct information on “Year
Built’’ was obtained.

4. The correct information on “Ten-
ure’” was obtained.

8. The correct information on "House-
hold Composition” was cbtained.
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “QOc-
cupancy Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
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The results of this study are presented
in the following census memorandum,
*Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974."

Some of the results of this study are
presented below. {Please note that these
results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA.)

1. “The results indicate that the in-
terviewers are doing a good job. From
a total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household composition, and 6 in con-
tent reinterview.”

2. A moderate level of inconsistency
in responses existed between the orig-
inal interview and the reinterview for
most of the items selected for the re-
interview, The items with the higher
levels of tnconsistency tended to be
the attitude and opinion items which
were expected to have higher incon-
sistency levels.

3. "Qur bias indicator, the net differ-
ence rate, revealed 7 categories out of
78 (78 from a total of 87 categories
had enough data to compute reliable
measures of response error) were
significantly different from zero.”

+ The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefeore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and

estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA, It had been assumed that
units with permits issued prior to 1970
would have been completed by the time
of the 1970 census (i.e., April 1970)
and, therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 4,000 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorizéd hy 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA.

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes (and trailers) in
permit-issuing areas. However, new

mobile homes in permit-issuing areas do
come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated
thatno new mobile homes in permit-issuing
areas were missed by the 1974 AHS-
SMSA survey in this SMSA. This estimate
was obtained by applying the relationship
for this SMSA, between total units buitt
between 1965 and 1970, and mobile
homes built between 1966 and 1970, to
the AHS estimate of total units built
since April 1970. The second-stage ratio
estimation procedure was employed to

. reduce the effect of both these defi-

ciencies, although some bias in the AHS
sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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AHSSMSA ................

SAMPLE DESIGN

The estimates for each of the 19 SMSA's
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. in each of the 19 SMSA’s,
the data were collected during a 12
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month.

Data for a second group of 21 SMSA’s
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA's, from April
1976 through March 1977. The sample
housing units for each group of SMSA's
will be enumerated every three years on a
rotating basis.

The four largest SMSA's in each group
are represented separately by a sample of
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15,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA’s are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA's in the first
group (Year | SMSA’s} are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif,, and Washington,
D.C.-Md.-Va. i

The remaining SMSA's in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheini-Santa Ana Garden Grove,
Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark,, Minneapolis-51.
Paul, Minn., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichita, Kans.

In the Saginaw, Mich., SMSA, 4,840)
sample housing units were eligible_for
interview. Of this number, 110 interviews
were not obtained because, for occupied
housing units, the occupants were not at
home after repeated visits or were
unavailable for some other reason; or, for
vacant units, no informed respondent
could be found after repeated visits. In
additloQ to units eligible for interview,
270 urits were visited and found to be

scondeémned, unfit, demolished, converted

to group quarters use, etc., and, there-
fore, were not eligible for interview.,

Selection of the sample.—The AHS sam-
ple for the Saginaw, Mich., SMSA was
selected from three sample frames: Hous-
ing units enumerated in the 1970 Census -
of Housing and Population in areas.under
the jurisdiction of permit-issuing offices
for this SMSA (the permit-issuing uni-
verse}, units constructed since the 1970
census in permit-issuing areas {the new
construction universe), and units located
in areas not under the jurisdiction of

permit-issuing offices (the nonpermit
universe). Sampling operations, described
in the following paragraphs, were per-
formed separately within the central city
and the balance of this SMSA for each of
these sample frames. The overall sampling
rate was about the same for the sample
selected from both the central city and
the balance of- this SMSA since the
sample was distributed proportionately
between the central city and the balance
of this SMSA according to the distri-
bution of total units in each sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head {non-Negro,
Negro), and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table,

TENURE
Household Qwner Renter
income Family size] Family size
12345+ 123465+
Under $3,000 . . . .
$3,000-$5993 . . .
$6,000-85,999 . . .
$10,000—-%$14,999 .
$15,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED)} within the central city and
within the balance of the SMSA, A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size,

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA.
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four (usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate,

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices {i.e., the nonpermit
universe). The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas. Prior to this sample

selection, the ED’s were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size: -

Group quarters

Number of housing population in

units in 1970 1970 census ED
census ED 3

4

The sample ED’'s were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four {usually adjacent)
housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample, Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration). For the permit-issuing
universe, the sample upon which these
estimates were based was the reguiar AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory} and part
structure losses [i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique emptoyed
for the regular AMS sample. For this
independent sample, a cluster of four
{usually adjacent} housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer

" considered part of the housing inventory. .

From these units, only estimates of whole
structure losses were obtained {i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory ({i.e., the housing
inventory that existed at the time of the
1970 census) are based on either
20-percent, 15-percent, or 5percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume I,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970..
Each type of estimate employed a sepa-
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a two-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight (i.e., the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjusted
to account for the 110 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio:

App-27




APPENDIX B—Continued

Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA. Within each sector a noninterview

factor was computed separately for 54 -

noninterview cells for sample housing
units from the permit-issuing universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
iltlustrated), one noninterview cell for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified as being built April 1,
1970, or later, were considered as new
construction units for the purpose of the
noninterview adjustment.

The first-stage ratio estimation proce-
dure was employed for all sample housing
upits from the permit-issuing universe,
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight (i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for
each sample wunit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the

App-28

variation in sample size for strata used in
the sample selection for the permit-
issuing universe. Ordinarily, this would
have been controlled by sampling within
the strata during the sample selection
process, However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-
issuing universe. Thus, some variation in
sample size was introduced during the
AHS sampl2 selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-
struction units {i.e., conventional units
built after April 1970), new mobile
homes (i.e., mobile homes placed after
April 1970), or “other addition” units
{i.e., units added by conversion of 1970
units or from other sources), This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known desiciencies in the AHS sample
with regard to representation of these
units (see the section on nansampling
error},

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA ‘

Sacond-Stage Ratio Estimation Cells

Conventional new construction
UNItS, & . v s e e e e e

The numerators of the ratios were
derived by applying the following fac-
tors: {1} For the “conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits jssued in this SMSA; (2) for
the “‘new mobile homes” cell, a 1970
census relationship between total new

construction and new mobile homes that
existed in this SMSA for the 1965-1970

period was applied; and (3) for the
“other additions” cell, rates from
SCARF! for “other additions” was ap-
plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The effect of the second-stage ratio
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection, Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement
with known estimates of the SMSA
housing population.

In some of the Year 1 SMSA's, a third-
stage ratio estimation procedure was also
employed. This procedure involved the
ratio estimation of the AHS weighted
sample estimate of the October 1974
housing inventory to an independent esti-
mate of the SMSA’s October 1974
housing inventory. This estimate was
derived by using the 1970 census estimate
of the April 1970 housing inventory in
conjunction with an estimate of change in
the housing inventory since the census
based on either administrative records
from utility companies (where available)
or estimates of new construction permits
and post-census demolition data. The
quality or reliability of the independent
estimate varied by SMSA, depending on

' SCARF denotes the Survey of Components
of Change and Residential Finance, a survey
conducted in 1957-1959 by the Census
Bureau.
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the completeness of the utility data or
permit-demolition data. However, a
measure of the reliability (i.e., the relative
bias) of these independent estimates was
available based on a comparison between
the 1970 census estimate of total housing
and an April 1970 independent estimate
of total housing, generated from the pro-
cedure used to produce the October 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA's where the
estimated relative bias was low enough
{i.e., 3 percent or less over a 10-year
period) to preclude the possibility of
doing more harm than good to the survey
results.
For this SMSA, this independent esti-
mate was not employed because of the
" lack of reliability of the estimate (i.e., the
bias was more than three percent over the
10-year period, 1960-1970).

1970-1974 lost units,.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the [ost units.
As a result, some lost unite did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce the sampling
error helow what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimatién procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing

characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployved a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |1, Housing
Characteristics for States, Cities, and
Countjes, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy’ of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors

associated with the AMS-SMSA sample -

and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this
survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were

" used, estimates from each of the different

samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
i$ a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.,

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors (nonsampling

errors), but it does not measure, as such,

any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
ahove the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average result of all possible
samples.
The average result of all possible samples
may or may not be contained in any
particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed interval. _

The figures presented in the table
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.
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Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory as well as

estimates of characteristics of the:

1970-1974 lost units. Linear inter-
polation should be used to determine the
standard errors for estimates not speci-
fically shown in table |. '

The reliability of an estimated per-
centage depends upon the size of the
_percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
o, = the standard error of

the numerator

¢ = the standard error of
the denominator

The standard error of the percentage
(i.e., (100} (x/yj) is approximately equal

to
(100} (x/y) /(;"_::)2 —(;x)z

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-
estimates the standard error of the ratio
when there is little or no correlation
between x and y. For this type of ratio a

TABLE |, Standard Errors for Estimated
Number of Housing Units in the 1974 Housing
faventory and for Estimated Number of
1970-1974 Lost Units for the Saginaw, Mich,,
SMSA

{68 chances out of 100}

Size of | Standard | Size of | Standard
estimate efror estimate error
100 40 5,000 260
200 50 | 10,000 350
500 90 | 25,000 480
1,000 130 | 50,000 470
2,500 190 .
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better approximation of the standard
error may be obtained by changing the
sign in the formula from minus (-} to
plus (+).

Hiustration of the use of the standard
error table.—Table 2 in part C of this re-

© port shows that in this SMSA there were

10,500 specified owner-occupied housing
units with two bedrooms in 1974, Inter-
polation in table | of this appendix shows
that the standard error of an estimate of
this size is approximately 350. Conse-
quently, the ©68-percent confidence
interval is from 10,150 to 10,850 housing
units. Therefore, a conclusion that the
average estimate of 1974 specified
owner-occupied housing units with two
bedrooms, derived from all possible sam-
ples, lies within a range computed in this
way would be correct for roughly 68
percent o all possible samples. Similarly,
we could conclude that the average esti-
mate derwved from all possible samples
lies within the interval from 9,940 to

. 11,060 housing units with 90 percent

confidence; and that the average estimate
lies within the interval from 9,800 to
11,200 housing units with 95 percent
confidence.

Table 2 in part C also shows that of
the 10,500 specified owner-occupied
housing units with two bedrooms, 2,700,
or 25,7 percent, were valued between
$15,000 and $19,999, Table | of this
appendix shows that the standard error
for 2,700 is approximately 200. There-
fore, using the formula for the standard
error of a percentage (as shown in the
paragraph preceding table 1 of this
appendix}, the standard error of 25.7
percent is approximately 1.7 percentage
points: ’

_ 2,700 200\ ? 350} ?
1.7:= (100) (10,500) / (2,700) - (m.soo)

Consequently, the 68-percent confidence
interval, as shown by these data, is from
24.0 to 27.4 percent; the 90-percent
confidence interval is from 23.0t028.4
percent; and the 95-percent confidence
interval is from 22.3 to 29.1 percent.

Differences. -The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error,

Hustration of the computation of the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that in
1974 there were 1,400 specified owner-
occupied units with two bedrooms vatued
between $20,000 and $24,999. Thus the
apparent difference between the number
of 1974 owner-occupied units with two
bedrooms valued between $20,000 and
$24,999 and those valued between
$15,000 and $19,999 is 1,300, The stand-
ard error of 2,700 is 200 as shown above.
Table | also shows the standard error on
an estimate of 1,400 to be approximately
160. Therefore, the standard error of the
estimated difference of 1,300 is about

250 =+/ {200)? + (150)?

Consequently, the 68-percent confidence
interval for the 1,300 difference is from
1,050 to 1,550 housing units. Therefore,
a conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 90-percent confidence interval is from
900 to 1,700 housing units, and the
95-percent confidence interval is from
800 to 1,800. Thus, we can conclude
with 95 percent confidence that the num-
ber of 1974 owner-occupied: housing
units with two bedrooms, valued between
$15,000 and $19,999 is greater than the
number of units valued between $20,000
and $24,999 since the 95percent con-
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fidence interval does not include zero or
negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average medjan from all possible samples
lies within the interval., The following
procedure may be used to estimate confi-
dence limits of a median.based on sample
data:

{1} From table | in conjunction with
the formula for the standard error of a
percentage, determine the standard
error of a 50-percent characteristic on
the base of the median;

(2) add to and subtract from 50 per-
cent, the standard error determined in
step 1, and

{3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
‘possible samples, the average median
from all possible samples would lie be-
tween these two values.

Ilustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $17,900 in 1974.
The base of the distribution from which
this median was determined is 10,500
housing units.

1. Table |, in conjunction with the
formula for the standard error of a

percentage, shows that the standard
error of B0 percent on a base of
10,500 is 1.8 percentage points:

_ 5,250 260\ ? 3503 *
1.8 {100} (10,500)\/(5,250) - (10,500}

2. To obtain a two-standard-error
confidence interval on the estimated
median, add to and subtract from 50
percent twice the standard error
determined in step 1. This vields per-
centage limits of 46.4 to 53.6.

3. From table 2 in part C of this
report it can be seen by cumulating
the frequencies for the first three
categories that 3,700 owner-occupied
housing units with two bedrooms, or
35.2 percent, had a value less than
$15,000; and an additional 2,700
owner-occupied housing units with
two bedrooms, or 25,7 percent, had a
value between $15,000 and $19,999,

By linear interpolation, the lower limit of
the 95-percent confidence interval is found
to be about

46.4 — 35.2

25,7 ) =$17,200

$16,000 + ($5,000) (

Similarly, the upper limit of the 95-
percent confidence interval is found to
be about

53.6 — 35.2

257 ) = 518,600

$15,000 + ($5,000} (

Thus, the 95-percent confidence interval
ranges from $17,200 to $18,600.

Nonsampling errors.—In general, nen-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct infarmation on the part
of respondents, mistakes in recording
or coding the data, and other errors of
coltection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unigue to sample surveys
since they can, and do, occur in complete
censuses as well.

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample. ’

1970 census.—Several studies were con-
ducted to measure two types of general
errors—"‘coverage’’ errors and “content”
errors—associated with 1970 census
estimates.

The “coverage’ errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
they were counted more than once
(overenumerated). Space errors usually
are the largest component of housing
coverage error.

2. Definitional errors,.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family,
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

The ‘‘content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
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- the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of

. Population and Housing, Evaluation and
Research  Program  Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E}-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whoie below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.5
percent’’; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 25 were missed.
{PHC(E}-5, p.3)

2. “The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. {(PHC(E)-5, p.4)

3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” (PHC(E}-5, p.11}

4, ."Most of the vacant units that were

enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
{PHC(E)-5, p. 16} Approximately 16.5
percent of all wunits initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
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enumerated as occupied should have

been enumerated as
(PHC(E)-6,p. 16)

5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; 2nd respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.” (PHC(E)-10, p.6) The
above statement applied to the follow-
ing items:

vacant.

a. heating fuel

b. renters paying extra for utilities
and/or fuel

c. bathtub or shower

d. flush toilet

e, telephone availability

f. year structure built

g. value of home

h. seasonal vacancy status

“Heating fuel, year structure built,
and value of home are more con-
sistently reported for units with a
non-Negro head, while bathtub or

shower and flush toilet are more con-

sistently reported for units with a
Negro head.” {PHC{E}-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given.in the publications
mentioned above.

AHS-SMSA —For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error asso-
ciated with the AHS estimates. A reinter-
view program was conducted for a sample
of the AHS households, These housholds
were revisited and answers to some of the
questions an the AHS questionnaire were
obtained again. The original interview and
the reinterview were assumed to be two
independent readings and, thus, were the
basis for the measurement of the

accuracy of the AHS data coilected from
enumerated households.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on "*Year
Built"" was obtained.

4. The correct information on “Ten-
ure’’ was obtained. '

5. The correct information on “House-
hold Composition” was obtained.
6. The correct information on “Type
of Housing Unit"” was obtained.
7. The correct information on “Oc-
cupancy  Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
timits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974."

Some of the results of this study are
presented below. (Please note that these
results are based on the reinterviews
across all Year | SMSA's and not specifi-

" cally for this SMSA.)

1. “The results indicate that the inter-
viewers are doing a good job. From a
total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household composition, and 6 in con-
tent reinterview.”

2. A moderate level of inconsistency
in responses existed between the
original interview and the reinterview
for most of the items selected for the
reinterview. The items with the higher
levels of inconsistency tended to be
the attitude and opinion items which.
‘were expected- to have higher incon-
sistency levels.

3. “Our bias indicator, the net differ-
ence rate, revealed 7 categories out of
78 (78 from a total of 87 categories
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had enough data to compute reliable
measures of response error) were
significantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates. of non-
~sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, enly those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued prior to 1970
would have been completed by the time
of the 1970 census (i.e., April 1970)
and, “therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction

units built afteirriAbrif 1976“\-1th$6 pe‘r-

mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 800 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA,

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes (and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do
come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1870 census or not identified as such in

the 1970 census, have no chance of

coming into the AHS sample. Although
it is not known exactly, it is estimated
that approximately 700 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was -obtained by
applying the relationship for this SMSA,

between total units built between 1965 ,

and 1970, and mobile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured, The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases, This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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SAMPLE DESIGN

The estimates for each of the 19 SMSA’s
are based on data collected from the
1974 Annual Housing Surve\}: (AHS]),
which was conducted by the Bureau of,
the Census, acting as collection :agent for
the Department of Housing an'b Urban
Development. In each of the 19:SMSA's,
the data were collected during a 12-
month period from April 1974fthrough
March 1975 with one-twelfth of the
sample units being visited each month.
Data for a second group of 21 SMSA’s
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA's, fro:‘rn April
1976 through March 1977. The sample
housing units for each group of SMSA's
will be enumerated every three years on a
rotating basis. .
The four largest SMSA's in eat;‘:h group
are represented separately by a sample of
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15,000 dssignated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA's are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective  SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA’s in the first
group {Year | SMSA’s) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-\a,

The remaining SMSA’s in this first
group are: Albany-Schenectady-Troy,
N.Y., Anzheim-Santa Ana-Garden Grove,
Calif., Daflas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minn,, Newark, N.J., Orlando, Fla.,
Phoenix, Ariz,, Pittsburgh, Pa., Saginaw,
Mich., Salz Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichita, Kans.
he Salt Lake City, Utah, SMSA,
4,920 sample housing units were eligible
for intei’rview. Of this number, 120 inter-
iews*were not obtained because, for
occupied housing units, the occupants
were not at home after repeated visits or
were unavailable for some other reason;
or, for vacant units, no informed respon-
dent‘t_:‘g\uld be found after repeated visits.
In addition to units eligible for interview,
280 un}‘ were visited and found to be
condem?ed_. unfit, demotished, converted

roupfquarters use, etc., and, there-
fore, were not eligible for interview.

Selection of the sample.—The AHS sam-
ple for the Sait Lake City, Utah, SMSA
was selected from three sample frames:
Housing units enumerated in the 1970
Census of Housing and Population in
areas under the jurisdiction of permit-
issuing offices for this SMSA (the permit-
issuing universe), units constructed since
the 1970 census in permit-issuing areas
(the new construction universe}, and
units located in areas not under the
jurisdiction of permit-issuing offices (the

nonpermit universe). Sampling opera-
tions, described in the foliowing para-
graphs, were performed separately within
the central city and the balance of this
SMSA for each of these sample frames.
The overall sampling rate was about the
same for the sample selected from both
the central city and the balance of this
SMSA since the sample was distributed
proportionately between the central city
and the balance of this SMSA according
to the distribution of total units in each
sector,

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro)’, and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The cccupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Housshold Owner Renter
income Family size| Family size
12345+ (123465+
Under $3,000 . . . .
$3,000-35999 . . .
$6.000-%9,999 . . .
$10,000—-$14,999 .
$15,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe}. The sample selection was an
independent operation within this SMSA.
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four (usually
adjacent} housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices {i.e., the nonpermit
universe}. The first step in the sampling
" operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas. Prior to this sample

selection, the ED's were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size:

Group quarters

Number of housing population in
units in 1870 1970 census ED
census ED 3
4

The sample ED's were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four (usually adjacent)
housing units. Those segnients, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration). For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer .determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory) and part

- structure losses (i.e., lost units in struc-

tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
{usually adjacent) housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained {i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing
inventory that existed at the time of the -
1970 census) are based on either
20-percent, 15-percent, or B-percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa
rate, though similar, estimation procedure
as described below,

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a two-stage
ratic estimation procedure. However,
prior to irﬁplementation of this pro-
cedure, the basic weight (i.e., the inverse
of the probability of selection) for each
interviewed sample housing unit was ad-
justed to account for the 120 noninter-
views previously mentioned. The non-
interview adjustment factor was equal to
the following ratio:
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Weighted count of intervieweJd housing
units + Weighted count of
noninterviewed housing units
Weighted count of mtemewed housing

“units ]

The factor was computed. separately
for sample housing.units witr'nin the cen-
tral city and within the balance of the
SMSA. Within each sector a mlininterview
factor was computed separately for 54
noninterview cells . for sarnple housing
units from the permlt-lssumg universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as |prewousi\/
illustrated), one noninterview cell for new
construction sample housing |{units, and
one noninterview cell for sample units
from the nonpermit universe, Sample
housing units from the nonb'ermit uni-
verse, identified as being bunlt April 1,
1970, or later, were con5|dered as new
construction units for the purpose of the
noninterview adjustment. l‘

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the permit-issuing universe.
This factor was computed separately for
all sample housing units within each
permit-issuing universe nonmterwew cell
mentioned above. The ratio estlmatlon
factor for each cell was as follm:vs.

1970 census count of housing le:nits from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing

units from the cell ”

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the oorrespondmg ratio
estimation categories using the existing
weight (i.e., the basic weight ‘times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
sponding first-stage ratio estimation
category. {

The effect of this ratio estimation
procedure was to reduce somewhat the
I
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variation in sample size for strata used in
the sample selection for the permit-
issuing universe. Ordinarily, this would
have been controlled by sampling within
the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-
issuing universe. Thus, some variation in
sample size was introduced during the
AHS sample selection process.

The second-stage ratio estimation
procedur2 was employed for all sample
units that were conventional new con-
struction units {i.e.,
built after April 1970}, new mobile
homes {i.e., mobile homes placed after
April 1970), or “other addition” units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was designed to adjust the AHS
sample estimates of such wunits to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error),

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing

units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction
units. . . L. e e e

The numerators of the ratios were
derived by applying the following fac-
tors: (1} For the "conventional new
constructian units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; (2) for
the “new mobile homes” cell, a 1970
census relationship between total new

conventional units

construction and new mobile homes that
existed in this SMSA for the 19656-1970
period was applied; and (3) for the
“‘other additions” cell, rates from
SCARF! for “other additions” was ap-
plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The effect of the second-stage ratio
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement
with known estimates of the SMSA hous-
ing population.

In some of the Year | SMSA’s, a
third-stage ratio estimation procedure was
also employed. This procedure involved
the ratio estimation of the AMS
weighted sample estimate of the October
1974 housing inventory to anindepend-
ent estimate of the SMSA's October
1974 housing inventory. This estimate
was derived by using the 1970 census
estimate of the April 1970 housing inven-
tory in conjunction with an estimate of
change in the housing inventory since the
census, based on either administrative
records from utility companies {where
available) or estimates of new construc-
tion permits and post-census demolition
data. The quality or reliability of the
independent estimate varied by SMSA,
depending on the completeness of the

! SCARF denotes the Survay of Components
of Change and Residential Finance, a survey
conducted in 1957-1959 by the Census
Bureau.
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utility data or permit demolition data.
However, a measure of the reliability (i.e.,
the relative bias) of these independent
estimates was available, based on a com-
parison between the 1970 census estimate
of total housing and an April 1970
independent estimate of total housing,
generated from the procedure used to
produce the October 1974 independent
estimates. As a consequence, the independ-
dent estimates were only employed in
those SMSA’s where the estimated rela-
tive bias was low enough (i.e., 3 percent
or less over a 10-year period) to preclude
the possibliity of doing more harm than
good to the survey results.

For this SMSA, this independent esti-
mate was not employed because of the
lack of reliability of the estimate (i.e., the
bias was more than 3 percent over the
10-year period, 1960-1970}.

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match, Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce the sampling
error helow what would have been ob-
tained by simply weighting the results of
the sampie by the inverse of the proba-
hility of selection.

Ratio estimation procaedure of the 1970
Census of Population and Housing.—This
report presents data on the housing

characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy” of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1870
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.~The particular sample used for this

survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response

and enumerator errors {nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error,

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calfculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average result of all possible
samples.

The average result of all possible samples
may or may not be contained in any
particular computed interval, For a partic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
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an indication of the order of magnitude
of the standard errors rather:‘ than precise
standard ewrors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristi(s
of the 1974 housing inventory. Table I
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear i'nterpolation
should be used to determine the standard
error for estimates not specifjcally shown
in tables | and I1. i

The reliability of an estimated per-
centage depends upon the 'size of the
percentage and the size of th;'e total upon
which the percentage is 1‘ based. An
approximation to the standard error of 3
percentage may be obtained by using the
following formula: i

Let x = the numerator
y = the denominator
o, = the standard ;Ierror of
the numerator |
o, = the standard error of

the denominator

[
The standard error of the;‘ percentage
(i.e., (100} (xfy)) is approximately equal

1o
(100) (x/y) /(’_('-{_,5)2 ~(;1)2
‘l

The standard errors of x and v should be
obtained from the appropriate standard
error tables. For ratios, where x is not a

subclass of y, the above for:‘mula under-

TABLE 1. Standard Errors for Estimated
Number of Housing Units in the 1974 Housing
Inventory for the Salt Lake City, ‘liltah SMSA

{68 chances out of 10(1]1.

Size of | Standard | Size of | | Standard
estimate . error estimate error
100 60 5,000 440
200 90 | 10,000 620
500 140 | 25, OOQi 940
1,000 200 ; 50,000 1,220
2,500 330 | 100,000 1,410

estimates the standard error "of the ratio

when there is little or no| correlation

between x and y. For this type of ratio a

better approximation of the standard
|
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TABLE Il. Standard Errors for Estimated
Number of 1970-1974 Lost Units for the Salt
Lake City, Utah SMSA

{68 chances out of 100)

Size of | Standard | Size of | Stendard
estimata error estimate error
100 60 1,000 190
200 1 - 80 1,500 240
500 130 2,500 330
700 160

error may be obtained by changing the
sign in the formula from minus () to
plus {(+).

Hiustration of the use of the standard
error tables.—Table 2 in part C of this
report shows that in this SMSA there
were 26,800 specified owner-occupied
housing units with two bedrooms in
1974. Interpolation in table 1 of this
appendix shows that the standard error of
an estimate of this size is approximately
960. Ccnsequently, the 68-percent con-
fidence interval is from 25,840 to 27,760

" housing units. Therefore, a conclusion

that the average estimate of 1974 speci-
fied owner-occupied housing units with
two bedrooms, derived from all possible
samples, lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
we could conclude that the average esti-
mate derived from all possible samples
lies within the interval from 25,260 to
28,340 housing units with 90-percent
confidence; and that the average estimate
lies within the interval from 24,880 to
28,720 housing units with 95-percent
confidence.

Table 2 in part C also shows that of
the 26,800 specified owner-occupied
housing units with two bedrooms, 5,700,
or 21.3 percent, were valued between
$15,000 and $19,999. Table | of this
appendix shows that the standard error
for 5,700 is approximately 470. There-
fore, using the formula for the standard
error of a percentage {as shown in the
paragraph preceding table 1 of this appen-
dix), the standard error of 21,3 percent is
approximately 1.6 percentage points:

. 5,700 470)* _ (__ 960y
1.6 = (100) (zm) \/(s;(m) - (26,800)

Consequently, the 68-percent confidence
interval, as shown by these data, is from

" 19.7 1o 22.8 percent; the 90-percent

confidence interval is from 18.7 to 23.9
percent; and the 95-percent confidence
interval is from 18.1 to 24.5 percent.

Differences.~The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hlustration of the computation of the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that in
1974 there were 2,000 specified owner-
occupied units with two bedrooms valued
between $10,000 and $14,999. Thus the
apparent difference between the number
of 1974 owner-occupied units with two
bedrooms valued between $10,000 and
$14,999 and those valued between
$15,000 and $19,999 is 3,700. The stand-
ard error of 5,700 is 470 as shown above.
Table | also shows the standard error on
an estimate of 2,000 to be approximately
290. Therefore, the standard error of the
estimated difference of 3,700 is about

560 = +/ (470)% + {290)>

Consequently, the 68-percent confidence
interval for the 3,700 difference is from
3,150 to 4,250 housing units, Therefore,
a conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
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percent of all possible samples. Similarly,
the 90-percent confidence interval is from
2,820 to 4,680 housing units, and the
9b-percent confidence interval is from
2,600 to 4,800. Thus, we can conclude
with 95-percent confidence that the
number of 1974 owner-occupied housing
units with two bedrooms, valued between
$15,000 and $19,999 is greater than the
number of units valued between $10,000
and $14,999 since the 95-percent confi-
dence interval does not include zero or
negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
‘distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:
{1} From table { or Il in conjunction
with the formula for the standard
error of a percentage, determine the
standard error of a b0-percent charac-
teristic on the base of the median;
{2) add to and subtract from S0 per-
cent, the standard error determined in
step 1; and
(3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values,

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values,

Hiustration of the computation of the
standard error of a median.—Table 2 in

part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $23,900 in 1974.
The base of the distribution from which
this median was determined is 26,800
housing units.

1. Table 1, in conjunction with the
formula for the standard error of a
percentage, shows that the standard
error of B0 percent on a base of
26,800 is 1.8 percentage poirits:

B 13,400 690 960\*

2. To obtain a two-standard-error con-
fidence interval on the estimated medi-
an, add to and subtract from 60
percent twice the standard error de-
termined in step 1. This yields per-
centage limits of 46.4 1o 53.6.

3. From tabie 2 in part C of this report

it can be seen by cumulating the

frequencies for the first four categories
that 8,000 owner-occupied housing
units with two bedrooms, or 29.9
percent, had a value less than $19,999
and an additional 6,900 owner-
occupied housing units with two bed-
rooms, or 25.7 percent, had a value
between $20,000 and $24,999,

By linear interpolation, the lower limit of

the 9b-percent confidence interval is
found to be about
$20,000 + {$5,000) (ﬂ'fﬁ@) - $23,200

Similarly, the upper limit of the 95-
percent confidence interval is found to
ke about

520,000+ 55,0001 (E28-229) - 24,600

Thus, the 95-percent confidence interval
ranges from $23,200 to $24,600.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources. Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to

provide correct information on the part
»

of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well.

Obtaining a measurement of the total

nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample.
1970 census.—Several studies were con-
ducted to measure two types of general
errors—"'coverage” errors and “content’
errors—associated with 1970 census
estimates.

The “coverage” errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
they were counted more than once
{overenumerated). Space errors usually
are the largest component of housing
coverage error. '

2. Definitional errors,—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.
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The “content” error measured the
accuracy of the data collected for enum-
erated housing units. Studws” associated
with the measurement of the content
error measured the extent” of errors
arising from the erroneous of unreliable
reporting of housing characterlstlcs on
the census questionnaire. In these studies,
content errors were measuredlby the fol-
lowing methods: ) I

1. Reinterview.—Households originally
enumerated in the census were re-
. I .
visited and a second obselivatlon was
obtained. These two readings were
assumed to be independent.”

2. Record check.—The cor{r{lparison of
census data with data obtgined from
an independent record source. )
3. Comparison of eensus”data with
that obtained from other . sample
surveys. ‘

The detailed results of thlase studies,
as well as the methodology ”employed
can be obtained in the 1970 Census of
Population and Housing, Evaluatlon and
Research  Program Reporgs Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E} 10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole beltl'.‘-w:

. “The total missed rate for housing
units in 1970 is estlmated to be 2.5
percent’’; i.e., for each 100 units that
were finally enumerated in Lthe census,
an estimated 2.5 were missed.
{PHC(E)-5, p.3} |
2. "The occupied space missed rate

for the total United States” in 1970 is |

estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the !Bensus and
about three-fourths wert:% due to
missed structures. (PHC(E)-5, p.4})

3. “In 1970, the definitional under-
enumeration rate was 0.3”of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a tcéitai error of
0.34 of 1 percent.”” (PHC{E)-5,p.11)
4, ."Most of the vacant units that were
enumerated as occupied ‘were pro-
cedure errors, whereas most occupied
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units misclassified as wvacant were
caused by enumerator error.”
{PHC{E)-5, p. 16} Approximately 16.5
percent of all units initially enumer-
ated as wvacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant.
{PHC(E)-5, p. 15)
5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit
sistently than those in multi-unit
structures.” (PHC{E}-10, p.6) The
above statement applied to the follow-
ing iterns:

a. heating fuel

b. renters paying extra for utilities
end/or fuel
bathtub or shower
. flush toilet
telephone availability
year structure built
g. value of home
h. seasonal vacancy status

"“Heating fuel, year structure built,
and vatue of home are more con-
sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E)-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the resuits of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

~9o o0

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error asso-
ciated with the AHS estimates. A reinter-
view program was conducted for a sample
of the AHS households. These households
were revisited and answers to some of the

structures reported more con-

questions on the AHS questionnaire were
obtained again. The original interview and
the reinterview were assumed’ to be two
independent readings and, thus, were the
basis for the measurement of the accu-
racy of the AHS data collected from
enumerated households.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on ““Year
Built’ was obtained.

4, The correct information on “Ten-
ure’’ was obtained.

5. The correct information on ‘House-
hold Composition” was obtained.
6. The correct information on “Type
of Housing Unit" was obtained.
7. The correct information on “QOc-
cupancy  Status’” was obtained,

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974.”

Some of the results of this study are
presented below. (Please note that these
results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA.)

1. ""The results indicate that the inter-
viewers are doing a good job. From a
total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household compasition, and 6 in con-
tent reinterview,”’
2. A moderate level of inconsistency in
responses existed between the original
interview and the reinterview for most
of the items selected for the reinter-
view, The items with the higher levels
of inconsistency tended to be the
attitude and opinion items which were
expected to have higher inconsistency
levels.
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3. “Dur bias indicator, the net dif-
ference rate, revealed 7 categories out
of 78 (78 from a total of 87 cateqgories
had enough data to compute reliable
measures of response error) were sig-
nificantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued prior to 1970
would have been completed by the time
of the 1970 census {i.e., April 1970}
and, therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-

mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 1,400 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMISA,

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes ({and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do
come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1870 census or not identified as such in

the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated
that approximately 2,000 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1970, and mobile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists, -

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey,
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SAMPLE DESIGN

The estimates for each of the 19 SMSA's
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month.

Data for a second group of 21 SMSA's
were collected for the AHS from April
1975 through March 1978, and for a
third group of 20 SMSA's, from April
1976 through March 1977. The sample
housing units for each group of SMSA’s
will be enumerated every three years on a
rotating basis.

The four largest SMSA's in each group
are represented separately by a sample of
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15,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA's are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respectiva SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA’s in the first
group (Year | SMSA’s) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif.,, and Washington,
D.C.-Md.-Va.

The remaining SMSA's in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-5anta Ana Garden Grove,
Calif., Daltas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark., Minneapotis-St.
Paul, Minn., Newark, N.J., Orilando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichita=Kans,

In the Spokane, Wash., SMS‘A, 4,880
sample housing units were eligible for i
terview. Of this number, 120 interviews
were nol obtained because, for occupied
housing units, the occupants were not at
home after repeated visits or were un-
available for some other reason; or, for
vacant units, no informed respondent
could be found after repeated visits. In
addition_ to units eligible for interview,
390 unitshwere visited and found to be
condemned, unfit, demolished, converted
toTgroup quarters use, etc., and, there-
fore, were not eligible for interview.

Selection of the sample.—The AHS sam-
ple for the Spokane, Wash., SMSA was
selected from three sample frames: Hous-
ing units enumerated in the 1970 Census
of Housing and Population in areas under
the jurisdiction of permit-issuing offices
for this SMSA (the permit-issuing uni-
verse), units constructed since the 1970
census in permit-issuing areas (the new
construction universe}, and units located
in areas not under the jurisdiction of

permit-issuing offices (the nonpermit
universe}. Sampling operations, described
in the following paragraphs, were per-
formed separately within the central city
and the balance of this SMSA for each of
these sample frames. The overall sampling
rate was about the same for the sample
selected from both the central city and
the balance of this SMSA since the
sample was distributed proportionately
between the central city and the balance
of this SMSA according to the distri-
bution of total units in each sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negrof, and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Household Ownar Renter
income Family size} Family size
12345+ [12345+
Under $3,000 . . . .
$3,000-$5999. ..
$6,000—-$9,999 . . .
$10,000-$14,999 .
$15,000 and over . .
A
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA., A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED) within the central city and
within the balance of the SMSA., A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How
ever, at the time of enumeration the units
at ea_ch of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size,

The second frame from which this
SMSA, sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe}. The sample selection was an
independent operation within this SMSA.
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four {usually
adjacent} housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate,

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices (i.e., the nonpermit
universe). The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas, Prior to this sample

selection, the ED's were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size:

Group quarters
Number of housing population in

units in 1970 1970 census ED
census ED 3

4

The sample ED's were then divided
into segments; i.e., small 1and areas with
well-defined boundaries having an ex-
pected size of four {usually adjacent}
housing units. Those segrrients, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration). For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses {i.e., lost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
{usually adjacent) housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses’ were obtained (i.e., lost
units in structures in which all housing
units were removed from the inventory}.

1970 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory li.e., the housing
inventory that existed at the time of the -
1970 census} are based on either
20-percent, 15-percent, or 5percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa
rate, though similar, estimation procedure
as described below,

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a two-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight (i.e., the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjusted
to account for the 120 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio:
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Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA.. Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permitissuing universe
(where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated), one noninterview cell for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified as being built Agpril 1,
1970, or later, were considered as new
constriuction units for thg purpose of the
noninterview adjustment.

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the permit-issuing universe.
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of a!ll AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight [i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the

App-28

variation in sample size for strata used in
the sample selection for the permit-
issuing universe. Ordinarily, this would
have been controlled by sampling within
the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were defeted from the permit-
issuing universe, Thus, some variation in
sample size was introduced during the
AHS sample selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-
struction units (i.e., conventional units
built after April 1970), new mobile
homes (i.e., mobile homes placed after
April 1970}, or “other addition” units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error).

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction
L7«

New mabile homes . . . . . . P
“Other additions”. . . . ......

The numerators of the ratios were
derived by applying the following fac-
tors: (1} For the “conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; (2) for
the “new mobile homes” cell, a 1970
census relationship between total new

construction and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the

‘‘other additions” cell, rates from
SCARF! for "other additions’” was ap-
plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
category.

The effect of the second-stage ratio
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is broughtinto agreement
with known estimates of the SMSA hous-
ing population.

In some of the Year | SMSA’s, a third-
stage ratio estimation procedure was also
employed. This procedure involved the
ratio estimation of the AHS weighted
sample estimate of the October 1974
housing inventory to an independent esti-
mate of the SMSA's October 1974 hous-
ing inventory. This estimate was derived
by using the 1970 census estimate of the
April 1970 housing inventory in conjunc-
tion with an estimate of change in the
housing inventory since the census based
on either administrative records from
utility companies {where available) or
estimates of new construction permits
and post-census demolition data. The
quality or reliability of the independent
estimate varied by SMSA, depending on

'* SCARF denotes the Survey of Components
of Change and Residential Finance, a survey
conducted in 1957-1989 by the Census
Buresu.
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the completeness of the utility data or
permit demolition data. However, a meas-
ure of the reliability {i.e., the relative
bias) of these independent estimates was
available based on a comparison between
the 1970 census estimate of total housing
and an April 1970 independent estimate
of total housing, generated from the pro-
cedure used to produce the October 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA’s where the esti-
mated relative bias was low enough (i.e.,
3 percent or less over a 10-year period} to
preciude the possibility of doing more
harm than good to the survey results.

For this SMSA, this independent esti-
mate was not employed because of the
lack of reliability of the estimate (i.e., the
bias was more than three percent over the
10-year period, 1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match, Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatched
lost units, The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing

characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume 1, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “accuracy’ of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors assoctated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.-The particular sample used for this
survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-

ard error of a survey estimate attempts to -

measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

_ As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response

and enumerator errors {nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampting errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard -error enable’ one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples,

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average result of all possible
samples,

The average result of all possible samples
may or may not be contained in any
particular computed interval, For aartic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
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sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Table Il
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
error for estimates not specifically shown
in tables | and I,

The reliabitity of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
¢, = the standard error of
the numerator
Uy = the standard error of

the denominator

The standard error of the percentage
{i.e., (100) (x/v)} is approximately equal

to
(1060) {x/y) /(%)2 {/&)2

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-

TABLE 1. Standard Errors for Estimated
Number of Housing Units in the 1974 Housing
Inventory for the Spokane, Wash., SMSA

(68 chances out of 100}

Size of | Standard | Size of | Standard
estimate error - | estimate error
100 50 5,000 370
200 70 | 10,000 450
500 110 | 25,000 660
1,000 150 | 50,000 790
2,500 240 (100,000 480
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TABLE 1. Standard Errors for Estimated
Number of 1970-1974 Lost Units for the
Spokane, Wash., SMSA

{68 chances out of 100)

Size of | Standard | Size of | Standard
estimate error estimate error
100 40 1,500 180
200 60 2,500 240
500 100 3,500 300
700 120 4,000 320
1,000 160 4,700 350

estimates the standard error of the ratio
when there is little or no correlation

_between x and y. For this type of ratic a

better approximation of the standard
error may be obtained by changing the
sign in the formula from minus {-) to
plus (+].

Hlustration of the use of the standard
error tables.—Table 2 in part C of this
report shows that in this SMSA there
were 17,200 specified owner-occupied
housing units with two bedrooms in
1974, Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
550. Consequently, the 68-percent confi-
dence interval is from 16,650 to 17,750
housing units, Therefore, a conclusion
that the average estimate of 1974 speci-
fied owner-occupied housing units with
two bedrooms, derived from all possible
samples, lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
we could conclude that the average esti-
mate derived from all possible samples
lies within the interval from 16,320 to
18,08C housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 16,100 to
18,30C housing units with 95 percent
confidence,

Table 2 in part C also shows that of
the 17,200 specified owner-occupied
housing units with two bedrooms, 5,500,
or 32.0 percent, were valued between
$15,000 and $19,999. Table | of this
appendix shows that the standard error

for 5,500 is approximately 380. There-
fore, using the formula for the standard
error of a percentage {(as shown in the
paragraph preceding table | of this appen-
dix), the standard error of 32,0 percent is
approximately 1.6 percentage points:

~(100) {5500 ago)* 550) :
2.0=(100) \17‘200) \/(5,500) - (1 7,200

Consequently, the 68-percent confidence
interval, as shown by these data, is from
30.0 to 34.0 percent; the 90-percent con-
fidence interval is from 28.8 to 35.2 per-
cent; and the 95-percent confidence inter-
val is from 28.0 to 36.0 percent.

Differences. —The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hlustration of the computation of the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that in
1974 there were 4,400 specified owner-
occupied wunits with two bedrooms
valued between £10,000 and $14,999.
Thus the apparent difference between the
number of 1974 owner-occupied units
with two bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 1,100,
The standard error of 5,500 is 380 as
shown above. Table | also shows the
standard error on an estimate of 4,400 to
be approximately 340. Therefore, the
standard error of the estimated difference
of 1,100 is about

510=/1380) + {340)?
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Consequently, the 68-percent confidence
interval for the 1,100 difference is from
590 to 1,610 housing units. Therefore, a
conclusion that the average estimate,
derived from ali possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 90-percent confidence interval is from
280 to 1,920 housing units, and the
95-percent confidence interval is from
80 to 2,120. Thus, we can conclude
with 95 percent confidence that the num-
ber of 1974 owner-occupied housing
units with two bedrooms, valued between
$15,000 and $19,999 is greater than the
number of units valued between $10,000
and $14,999 since the 95-percent confi-
dence interval does not include zero or
negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
" the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:
{1) From table | or |l in conjunction
with the formula for the standard
error of a percentage, determine the
standard error of a 50-percent charac-
teristic on the base of the median;

{2) add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

{3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points eéstablished in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values.

A two-standard-error confidence inter-
val may be determined by finding the

" values corresponding to 50 percent plus

and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

Hlustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $16,900 in 1974,
The base of the distribution from which
this median was determined is 17,200
housing units.

1. Table I, in conjunction with the
formula for the standard error of a
percentage, shows that the standard
error of 50 percent on a base of
17,200 is 1.9 percentage points:

{ 8.600 430} ? 550}’
1-8-(100) \17,200) \/(a,soo) - (17,200)

2. To obtain a two-standard-error con-
fidence interval on the estimated
median, add to and subtract from 50
percent twice the standard error deter-
mined in step 1. This vields percentage
limits of 46,2 to 53.8.

3. From table 2 in part C of this re-
port it can be seen by cumulating the
frequencies for the first three cate-
gories that 6,500 owner-occupied
housing units with two bedrooms, or
37.8 percent, had a value less than
$15,000; and an additional 5,500, or
32.0 percent, had a value between
$15,000 and $19,999,

By linear interpolation, the lower limit of
the 9%-percent confidence interval is found
to be about

$15,000 + ($5,000)(i%) - $16.300

Similarly, the upper limit of the 95-
percent confidence interval is found to
be about

$15,000 + ($5,000)(5"%§-) =$17,500

Thus, the 95-percent confidence interval
ranges from $16,300 to $17,500.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: |nability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
qguestions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well.

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

1870 census.—Several studies were con-
ducted to measure two types of general
errors—'‘coverage’’ errors and “content’
errors—associated with 1970  census
estimates.

The “"coverage” errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
they were counted more than once
(overenumerated). Space errors usually
are the largest component of housing
coverage error.

2. Definitional errors.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
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living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as

occupied and vice versa.

The “content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Reszarch Program  Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC{E)-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “"The total missed rate for housing
units in 1970 is estimated to be 2.6
percent”; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 25 were missed,
{PHC{E}-5, p.3)

2, “The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth -of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures, (PHC(E}-S, p.4)
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3. “In 1970, the definitiona! under- '

enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” (PHC(E)-5, p.11)

4, .“Nost of the vacant units that were
enumerated as occupied were pro-
cedurz errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
(PHC{E)-5, p. 16} Approximately 16.5
percent of all units initially enumer-
ated as wvacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
beer enumerated as vacant.
{PHC(E}-5, p. 15}

5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.” (PHC(E)-10, p.6) The
above statement applied to the follow-
ing items:

a. heating fuel

. renters paying extra for utilities
and/or fuel

bathtub or shower

. flush toilet

telephone availability

year structure built

value of home

. seasonal vacancy status

o

Te ~pap

“Heating fuel, year structure built,
and value of home are more con-
sistently reported for units with a
non-Megro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC{E)-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the compon-
ents of the nonsampting error associated
with the AHS estimates, A reinterview
program was conducted for a sample of
the AHS households. These households
were revisited and answers to some of the
questions on the AHS questionnaire were
obtained again. The original interview and
the reinterview were assumed to be two
independent readings and, thus, were the
basis for the measurement of the accu-
racy of the AHS data collected from enu-
merated households,

As part of the reinterview, a check was
made at each of these households to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built"” was obtained.

4. The correct information on *‘Ten-
ure’’ was obtained.

5. The correct information on “House-
hold Composition” was obtained.
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “Oc-
cupancy Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.

The results of this study are presented
in the following census memorandum,
*Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974,

Some of the results of this study are
presented below. {Please note that these
results are based on the reinterviews
across all Year | SMSA’s and not specifi-
cally for this SMSA.)

1. "The results indicate that the inter-
viewers are doing a good job. From a
total of 230 interviewers checked, ¢
failed in coverage reinterview, 2 in
household composition, and 6 in con-
tent reinterview,’”
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2. A moderate level of inconsistency
in responses existed between the orig-
inal interview and the reinterview for
most of the items selected for the rein-
terview. The items with the higher
levels of inconsistency tended to be
the attitude and opinion items which
were expected to have higher in-
consistency levels.

3. “Our bias indicator, the net differ-
ence rate, revealed 7 categories out of
78 (78 from a total of 87 categories
had enough data to compute reliable
measures of response error) were sig-
nificantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that

units with permits issued prior to 1970
would have been completed by the time
of the 1970 census (i.e.. Aprit 1970)
and, therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 900 conventional
new construction units. in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1968 permits
for this SMSA.

. In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new maobile homes (and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do
come into sample if the mobile homes
are |located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing

m

areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated
that approximately 1,400 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1970, and mobile homes built be-
tween 19656 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the.
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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SAMPLE DESIGN

The estimates for each of the 19 SMSA’s
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for

the Department of Housing and Urbat%\

Development. In each of the 19 SMSA’s,
the data were collected during a 12
month period from April 1974 through
March 1975 with one-twelfth of the
sample units being visited each month,

Data for a second group of 21 SMSA's
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA’s, from April
1976 through March 1977, The sample
housing units for each group of SMSA's
will be enumerated every three years on a
rotating basis. .

The four largest SMSA's in each group
are represented separately by a sample of
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15,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA's are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective  SMSA based on the distri-
hution of total housing units in each
sector.

The four largest SMSA’s in the first
group {Year | SMSA's) are: Boston,
Mass., Detroit, Mich., Los Angeles-Long
Beach, Calif., and Washington,
D.C.-Md.-Va.

The remaining SMSA’s in this first
group are: Albany-Schenectady-Troy,
N.Y., Anaheim-Santa Ana-Garden Grove,
Calif., Dallas, Tex., Fort Worth, Tex,,
Memphis, Tenn.-Ark., Minneapolis-St.
Paul, Minr., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichi}a,’k?ns.

In the Tacoma, Wash., SMSA, 4,880}\

sample housing units were eligible\f_g_r_ln—'
terview. Of this number, 130 interviews
were not obtained because, for occupied
housing units, the occupants were not at
home after repeated visits or were un-
available for some other reason; or, for
vacant units, no informed respondent
could be found after repeated visits, In
addition to units eligible for interview,
490 d:r}its were visited and found to be
coyemned, unfit, demolished, converted
to” group quarters use, etc., and, there-
fore, were not eligible for interview.

Selection of the sample.—The AHS sam-
ple for the Tacoma, Wash., SMSA was
selected from three sample frames. Hous-
ing units eaumerated in the 1970 Census
of Housing and Popuiation in areas under
the jurisdiction of permit-issuing offices
for this SMSA (the permit-issuing uni-
verse), units constructed since the 1970
census in permit-issuing areas (the new
constructian universe), and units located
in areas not under the jurisdiction of
permit-issuing offices (the nonpermit

universe). Sampling operations, described
in the following paragraphs, were per-
formed separately within the central city
and the balance of this SMSA for each of
these sample frames. The overall sampling
rate was about the same for the sample
selected from both the central city and
the balance of this SMSA since the
sample was distributed proportionatety
between the central city and the baflance
of this SMSA according to the distri-
bution of total units in each sector,

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contzined records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records,
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro)’, and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.

~ The occupied housing unit records were

further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and household
income categories as illustrated by the
following table.

TENURE
Household Owner Renter

tncome Family size| Family size

12345+ 12345+

Under $3,000 . . . .
$3,000--35999 . .,
$6,000—$9,999 . . .
$10,000-%$14,999 .
$15,000 and over , ,
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,

and the vacant housing unit records were

assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
_record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group dquarters and special place
records, the records were stratified by
census tract and census enumeration
district {ED) within the central city and
within the balance of the SMSA, A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA.
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four (usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

The remainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices {i.e., the nonpermit
universe). The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas. Prior to this sample

selection, the ED’s were stratified by
census tract within the central city and
within the balance of the SMSA. The
probability of selection for an ED was
proportionate to the following measure
of size:
Group quarters
Numbaer of housing population in

units in 1970 1970 census ED
cansus ED 3

4

The sample ED’s were then divided
into segments; i.e., small land areas with
well-defined boundaries having an ex-
pected size of four (usually adjacent)
housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample. Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building loss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
(i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration}). For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory} and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
{usually adjacent) housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained (i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 - Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing

" inventory that existed at the time of the -

1970 census) are based on either
20-percent, 15-percent, or 5percent sam-
ple data collected in April 1970 for the
Decennial Census of Paopulation and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa-
rate, though similar, estimation procedure
as described below.

1974 thousing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a two-stage
ratio estimation procedure, However, prior
to implementation of this procedure, the
basic weight (i.e., the inverse of the
probability of selection} for each inter-
viewed sample housing unit was adjusted
to account for the 130 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio:

App-27




e T

APPENDIX B-Continued

Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA. Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permit-issuing universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated), one noninterview cell for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified.as being built April 1,
1970, or later, were considered as new
construction units for the purpose of the
noninterview adjustment.

The first-stage ratio estimation proce-
dure was employed for all sample housing
units from the permit-issuing universe,
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1870 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight (i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the
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variation in sample size for strata used in
the sample selection for the permit-
issuing universe. Ordinarily, this would
have been controlled by sampling within
the strata during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys ware deleted from the permit-
issuing universe, Thus, some variation in
sample size was introduced during the
AHS sample selection process.

The second-stage ratio estimation

procedure was employed for all sample
units that were conventional new con-
struction units (i.e., conventional units
buitt after April 1970), new mobile
homes [i.e., mobile homes placed after
April 1979), or “other addition’” units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was desioned to adjust the AHS
sample estimates of such units to
independently derived current estimates
available {or these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error). .
The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cefl for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Seconc-Stage Ratio Estimation Cells

Conventional new construction
units. . ... L e e e

New mobile nomes . , .. ... ..
“Other additions”. . . ... ....

The numerators of the ratios were
derived by applying the following fac-
tors: {1) For the “conventional new
constructian units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 buiid-
ing permits issued in this SMSA; (2) for
the “new mobile homes” cell, a 1970
census relationship between total new

construction and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the

“‘other additions” cell, rates from
SCARF! for "‘other additions” was ap-
plied.

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure., The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation
catqgory.

The effect of the second-stage ratic
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates *
will be improved when the sample hous-
ing population is brought into agreement
with known estimates of the SMSA hous-
ing population.

In some of the Year | SMSA's, a third-
stage ratio estimation procedure was also
employed. This procedure involved the
ratio estimation of the AHS weighted
sample estimate of the October 1974
housing inventory to an independent esti-
mate of the SMSA's October 1974 hous-
ing inventory. This estimate was de-
rived by using the 1970 census estimate
of the April 1970 hausing inventory in
conjunction with an estimate of change in
the housing inventory since the census,
based on either administrative records
from utility companies {where available)
or estimates of new construction permits
and post-census demolition data. The
quality or reliability of the independent
estimate varied by SMSA, depending on
the completeness of the utility data or

! SCARF denotes the Survey of Componsnts
of Change and Residential Finance, a survey
conductad in 1957-1989 by the Census
Bureau.
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permit demolition data. However, a

measure of the reliability {i.e., the relative
bias) of these independent estimates was
available, based on a comparison between
the 1970 census estimate of total housing
and an April 1970 independent estimate
of total housing, generated from the pro-
cedure used to produce the October 1974
independent estimates. As a conseguence,
the independent estimates were only
employed in those SMSA's where the
estimated relative bias was low enough
{i.e., 3 percent or less over a 10-year
period}) to preclude the possibility of
doing more harm than good to the survey
results.

For this SMSA, this independent

estimate was not employed because of

the lack of reliability of the estimate (i.e.,
the bias was more than three percent over
the 10-year period, 1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses, The effect of this estimation
procedure was to reduce the sampling
error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing

characteristics of the 1970 . housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors, The “accuracy’’ of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors, The following is a description of
the sampling and nonsampling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this
survey is one of a large number of
possible” samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response

and enumerator errors (nonsampling

errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional  nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average resuit of all possible
samples with a known probability. For
example, . if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 80 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
“average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-

clude the average result of all possible
samples,

The average result of all possible samples
may or may not be contained in any
particular computed interval. For a partic-

“ular sample, however, one can say with

specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
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of the standard errors rather than precise
standard errors for any specific item.
Table | presents the standard errors

applicable to estimates of characteristics

of the 1974 housing inventory as well as
estimates of characteristics of the 1970-
1974 lost wunits. Linear interpofation
should be used to determine the standard
error  for estimates not specifically
shown in table |.

The reliability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = ‘the numerator
y = the denominator
o, = the standard error of
the numerator
av = the standard error of

the denominator

The standard error of the percentage
{i.e., (100} (x/y}) is approximately equal

to
(100) (x/y) /C;)2 {/ﬂ)z

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a
subclass of y, the above formula under-

TABLE I. Standard Errors for Estimated Num-
ber of Housing Units in the 1374 Housing ln-
ventory and for Estimated Number of 1970-

1974 Lost Units for the Tacoma, Wash,, SMSA

(68 chances aut of 160)

Size of | Standard | Size of | Standard
estimate error gstimate error
100 50 5,000 410
200 80 | 10,000 B30
500 120 | 25,000 790
1,000 170 | 50,000 1,000
2,500 280 | 100,000 980
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estimates the standard error of the ratio
when there is little or no correlation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus (—) to
plus (+).

Hiustration of the use of the standard
error table.— Table 2 in part C of this
report shows that in this SMSA there
were 19,800 specified owner-occupied
housing units with two bedrooms in
1974, Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
700. Consequently, the 68-percent con-

fidence interval is from 19,100 to 20,500

housing units. Therefore, a conclusion
that the average estimate of 1974 speci-
fied owner-occupied housing units with
two bedrooms, derived from all possible
samples, lies within a range computed
in this way would be correct for roughly
68 percent of all possible sampies. Sim-
ilarly, we could conclude that the average
estimate derived from all possible samples
lies within the interval from 18,680 to
20,920 housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 18,400
to 21,200 housing units with 95 percent
confidencs.

Table 2 in part C also shows that of
the 19,800 specified owner-occupied
housing units with two bedrooms, 6,600,
or 33.3 percent, were valued between
$15,000 and $19,999. Table | of this
appendix shows that the standard error
for 6,600 is approximately 450. There-
fore, using the formula for the standard
error of a percentage (as shown in the
paragraph preceding table | of this appen-
dix), the standard error of 33.3 percent
is approximately 1.9 percentage points:

- 6,600} /f 450 700 Y
1.9=(100) (1 9,800)\/ (e,eooj' (19,800/
Consequently, the 68-percent confidence

interval, as shown by these data, is from
31.4 to 35.2 percent; the 90-percent

confidence interval is from 30.3 to 36.3

percent; and the 95-percent confidence
interval is from 29,5 to 37.1 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA’s or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there.is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

llustration of the computation of the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that in
1974 there were 4,300 specified owner- -
occupied units with two bedrooms
valued between $10,000 and $14,999.
Thus the apparent difference between the
number of 1974 owner-occupied units
with two bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is 2,300,
The standard error of 6,600 is 450 as
shown above. Table | also shows the

. standard error on an estimate of 4,300 to

be approximately 370. Therefore, the
standard error of the estimated difference
of 2,300 is about

580 =4/ (450)° +(370)% -

Consequently, the 68-percent confidence
interval for the 2,300 difference is from
1,720 to 2,800 housing units. Therefore,
a conclusion that the average estimate,
derived from all possible sampiles, of this

-difference lies within a range computed in

this way would be correct for roughly 68 -
percent of all possible samples. Similarly,
the 90-percent confidence interval is from
1,370 to 3,230 housing units, and the
95-percent confidence interval is from
1,140 to 3,460. Thus, we can conclude
with 95-percent confidence that the
number of 1974 owner-occupied housing
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units with two bedrooms, valued between
$15,000 and $19,999 is greater than the

number of units valued between $10,000

and $14,999 since the 95-percent con-
fidence interval does not include zero or
negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based, An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:

(1) From table | in conjunction
with the formula for the standard
error of a percentage, determine the
standard error of a 60-percent charac-
teristic on the base of the median;

{2} add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

{3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values,

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average’ median
from all possible samples would lie be-
tween these two values.

HHlustration of the computation of the
standard error of a median.—Table 2 in

part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $18,400in 1974,

The base of the distribution from which

this median was determined is 19,800

housing units.

t. Table 1, in conjunction with
the formula for the standard error of
a percentage, shows that the standard

error of 50 percenton a base of 19,800

is 2.0 percentage points:

9,900\ /f 530\ { 700 \
2.0 =(100) (Tgrgoo (g,goo)— (1 9,800)

2. To obtain a two-standard-error con-
fidence interval on the estimated medi-
an, add to and subtract from 50
percent twice the standard error de-

termined in step 1. This yields percent-

age limits of 46.0 to 54.0.

3. From table 2in part C of this report
it can be seen by cumulating the

frequencies for the first three cate- -

gories that 5,500 owner-occupied
housing units with two bedrooms, or
27.8 percent, had a value less than
$15,000; and an additional 6,600
owner-occupied housing units with
two bedrooms, or 33.3 percent, had
a value between $15,000 and $19,999.

By linear interpolation, the lower limit of
the 95-percent confidence interval is found

~ to be about

$15,000 + (ss,oooy(ﬁ%;zi')= $17,700

Similarly, the upper limit of the 95-
percent confidence interval is found to
be about

$15,000 + ($5,000)(—5-4%)= $18,900

Thus, the 95-percent confidence interval
ranges from $17,700 to $18,900.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording

or coding the data, and other errors of
collection, response, processing covera'ge,
and estimation for missing data. As can -
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well. :

Obtaining a measurement of the total --
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made -
to measure some of the nonsampling
errors associated with the estimates for .
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sampie. :

1970 census.—Several studies were con-
ducted to measure two types of general
errors—‘‘coverage” errors and “content”
errors—associated with 1970 census
estimates.

The “coverage” errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
they were counted more than once
(overenumerated). Space errors usually
are the largest component of housing
coverage error.
2. Definitional errors.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.
3. Occupancy errors.—Errors of in-
correct occupancy classification for
" enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.

App-31



%

APPENDIX B—Continued

The “content” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Hesearch  Program  Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E)-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. ""The total missed rate for housing
units in 1970 is estimated to be 2.5
percent’; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 25 were missed.
{PHC(E)-5, p.3}

2. ""The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. (PHC(E}-5, p.4)

3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” (PHC(E)-5, p.11)
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4. .”’Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
units misclassified as vacant were
caused by enumerator error.”
(PHC(E)-5, p. 16) Approximately 16,5
percerit of all units initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant.
(PHC(E)-5, p. 15}

5. “Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.”” (PHC(E)-10, p.B8) The
above statement applied to the follow-
ing items:
a. heéting fuel
b. renters paying extra for utilities
and/or fuel

c. bathtub or shower

d. flush toilet

e. telephone availability
f. wear structure built
g. value of home

h. seasonal vacancy status

“Heating fuel, year structure built,
and value of home .are more con-
sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
sistently reported for units with a
Negro head.” (PHC(E)-10, p. 8}

The results of these studies were based
on sample data so there is sampling
error assaciated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the

sample design and estimation procedure .

for each study is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SM3A

sample, a study was conducted to obtain

a measurement of some of the com-
ponents of the nonsampling error as

" sociated with the AHS estimates. A -

reinterview program was conducted for a
sample of the AHS households. These
households were revisited and answers
to some of the questions on the AHS
questionnaire were obtained again, The
original interview and the reinterview
were assumed to be two independent
readings and, thus, were the basis for the
measurement of the accuracy of the AHS
data collected from enumerated house-
holds.

As part of the reinterview, a check was
made at each of these households to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.

3. The correct information on “Year
Built’” was obtained.

4. The correct information on “Ten-
ure’’ was obtained,

5. The correct information on “House-
_hold Composition” was obtained.

6. The correct information on “Type
of Housing Unit” was obtained.

7. The correct information on “Oc-
cupancy Status’” was obtained.

This check was made for interviewer
evaluation and control, That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.
The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample: 1974.”

Some of the results of this study are
presented below. (Please note that these
results are based on the reinterviews
across alf Year | SMSA"s and naot specifi-
cally for this SMSA.)

1. “The results indicate that the in-
terviewers are doing a good job. From
a total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household composition, and 6 in
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content reinterview.”

2. A moderate level of inconsistency
in responses existed between the orig-
inal interview and the reinterview for
most of the items selected for the
reinterview, The items with the higher
levels of inconsistency tended to be
the attitude and opinion items which
were expected to have higher incon-
sistency levels.

3. “Our bias indicator, the net differ-
ence rate, revealed 7 categories out of
78 (78 from a total of 87 categories
had enough data to compute reliable
measures of response error) were signi-
ficantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new

construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that

units with permits issued prior to 1970
would have been completed by the time
of the 1970 census (i.e., April 1970)
and, therefore, would have been repre-
sented in the sample selected from 1970
census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 2,800 conventiona!
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1868 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA.

in addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes ({and trailers) in
permit-issuing areas. However, new
mobile homes in permit-issuing areas do
come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home

parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample, Although
it is not known exactly, it is estimated
that approximately 1,300 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA. This estimate was -obtained by
applying the relationship for this SMSA,
between total units built between 1965
and 1970, and mobile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimatior
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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SAMPLE DESIGN

The estimates for each of the 19 SMSA's
are based on data collected from the
1974 Apnual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from Agril 1974 through
March 1975 with one-twelfth of the
sample units being visited each month,

Data for a second group of 21 SMSA’s
were collected for the AHS from April
1875 through March 1976, and for a
third group of 20 SMSA's, from April
1976 through March 1977. The sample
housing units for each group of SMSA’s
will be enumerated every three years on a
rotating basis.

The four largest SMSA's in each group
are represented separately by a sample of
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15,000 designated housing units evenly
divided between the central city and the
balance of the respective SMSA. All
remaining SMSA's are each represented
by a sarnple of 5,000 designated housing
units distributed proportionately between
the centrzl city and the balance of the
respective  SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA's in the first
group (Yzar | SMSA’s) are: Boston,
Mass., Deroit, Mich,, Los Angeles-Long
Beach, Calif.,
D.C.-Md.-Va.

The remaining SMSA’s in this first
group are: Albany-Schenectady-Troy,
N.Y., Anagheim-Santa Ana Garden Grove,
Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn,-Ark., Minneapolis-St.
Paul, Mirm1., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., and Wichita, Kans.

In /fthe Washington, D.C.-Md.-Va,,
SMSA, 14,300 saphple housing units were
eligibl fgl__i.n»r!{:’iew. Of this number,
960 interviews were not obtained because,
for occupied housing units, the occu-
pants were not at home after repeated
visits or were unavailable for some other
reason; or. for vacant units, no informed
respondent could be found after repeated

visits. to units eligible for
intervie nits were visited and
found t Lm cofidemned, unfit, demol-
ished, co to group quarters use,

etc.,, and, therefore, were not eligibte
for interview. ’

Selection of the sample,—The AHS sam-
pfe for the Washington, D.C.-Md.-Va.,
SMSA was selected from two sample
frames—units enumerated in the 1970
Census of Housing and Population (the
1970 census universe) and units con-
structed since the 1970 census {the new
construction universe). Sampling opera-
tions, described in the following para-
graphs, were performed separately within
the central city and the batance of this

and Washington,

SMSA for each of these sample frames.
The overall sampling rate used to select
the AHS sample for the SMSA was
chosen so that the desired designated
sample size would result. The overall
sampling rate for the SMSA did differ by
central city and balance since the sample
for this SMSA was split equally between
the central city and the balance of the

"SMSA,

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1870 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters, Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head {non-Negro,
Negro}, and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was
assigned to one of 50 strata according to
its tenure, family size, and househo!d
income categories as illustrated by the
following table.

TENURE
Househaold Owner Renter
income Family size| Family size
12345+ 12345+
Under $3,000 . . . .
$3,000-85999 . . .
$6,000-%9,099 . . .
$10,000-%14,999 .
$15,000 and over . .

Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
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either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size, The housing unit
record adjacent to each sample housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from -

the group quarters and special place
records, the records were stratified by
census tract and census enumeration
district (ED) within the central city and
within the balance of theé SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How-
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA.
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four {usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at fhe_ overall sampling rate.

Building foss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration), For the 1970 census
universe, the sample upon which these
estimates were based was the regular AHS

sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses (i.e., lost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory {i.e., the housing
inventory that existed at the time of the
1970 census) are based on either
20-percent, 15-percent, or 5percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume I,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970.
Each type of estimate employed a sepa-
rate, though similar, estimation procedure
as described below.

1974 housing inventory.—The AHS
estimations of characteristics of the 1874
housing inventory employed a two-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight {i.e., the inverse of the
probability of selection} for each inter-
viewed sample housing unit was adjusted
to account for the 960 noninterviews
previously mentioned. The noninterview
adjustment factor was egual to the fol-
lowing ratio:

Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing

units .

Within this SMSA, the factor was com-
puted separately for sample housing units
within the central city and within the
balance of the SMSA, Within each sector
a noninterview factor was computed sep-
arately for 54 noninterview cells for sam-
ple housing units from the 1970 census
universe {where the cells consisted of one .
or more of the different strata used in the
stratification of the universe as previously
illustrated), and one noninterview cetl for
new construction sample housing units.

The first-stage ratio estimation pro-
cedure was employed for all sample hous-
ing units from the 1970 census universe.
This factor was computed separately for
ali sample housing units with each 1970
census universe noninterview cell men-
tioned above. The ratio estimation factor
for each cell was equal to:

1970 census count of housing units from
1970 census universe in a cell
AHS sample estimate of 1970 housing
units from the cell

The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight {i.e., the basip weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
sponding first-stage ratio estimation
category.

The effect of this ratio estimation
procedure was to reduce somewhat the
variation in sample size for strata used in
the sample selection for the 1970 census
universe. Ordinarily, this would have been
controlled by sampling within the strata
during the sample selection process.
However, prior to.the AHS sample
selection within each SMSA, units al-
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ready selected for other Census Bureau
surveys were deleted from the 1970
census universe. Thus, some variation in
sample size was introduced during the
AHS sample selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-
struction units f(i.e., conventional units
built after April 1970), new mobile
homes {i.e., mobile homes placed after
April 1970), or “other addition” units

(i.e., units added by conversion of 1970 -

units or from other sources). This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independently derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units (see the section on nonsampling
error),

The second-stage ratio estimation fac-
tors were computed separately for each

of the cells in the table below using the

following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA,

Second-Stage Ratio Estimation Cells

Conventional new construction
units. ... e

New mobile homes . . ., . .., ..
“Other additions”. . . .. .....

The numerators of the ratios were
derived by applying the following fac-
tors: {1} For. the “conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; {2) for
‘the ‘‘new mobile homes” cell, a 1970
census relationship between total new
construction and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the
“‘other additions” cell, rates from
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SCARF! for “other additions”
applied. ‘

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample-units within each cell,
using the existing weight after the first-
stage razlio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding secohd-stage ratio estimation

category.

were

The effect of the second-stage ratio
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the irwerse of the probability of selec-
tion. Since the -housing population of the
sample differed somewhat by chance
from the SMSA as a whole, it can be
expected that the sample estimates will
be improved when the sample housing
populatian is brought into agreerment
with a more reliable estimate of the
SMSA housing population.

In some of the Year | SMSA's, a third-
stage ratio estimation procedure was also
employed. This procedure involved the
ratic estimation of the AHS weighted
sample estimate of the October 1974
housing inventory to an independent esti-
mate of the SMSA’s October 1974 hous-
ing inventory. This estimate was derived
by using the 1970 census estimate of the
April 1970 housing inventory in conjunc-
tion with an estimate of change in the
housing inventory since the census, based
on either administrative records from
utility companies {where available) or
estimates of new construction permits
and post-census demolition data.-The re-
liability of this independent estimate
varied by SMSA, depending on the com-
pleteness of the utility data or the
permit-demolition data. However, a meas-
ure of the reliability {i.e., the relative
bias) of these independent estimates was

' SCARF denotes the Survey of Components

of Change and Residential Finance, a survey.
in 1957-1959 by the Cansus_

conducted
Bureau.

available based on a comparison between
the 1970 census estimate of the April
1970 housing inventory and the April
1970 independent estimate of the hous-
ing inventory generated from the pro-
cedure used to produce the QOctober 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA's where the esti-
mated relative bias was low enough (i.e.,

_3 percent or less over a 10-year period) to

preclude the possibility of deing more
harm than good to the survey results.

For this SMSA, this independent esti-
mate was not employed because of the
lack of reliabifity of the estimate {i.e., the
bias was more than three percent over the
10-year period 1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the' 1970-1974 iost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 .lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation

. procedure was to reduce the sampling

error below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
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based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Vglume |, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
from sample surveys—sampling and
nonsampling errors. The “‘accuracy” of a
survey estimate is determined by the joint
effects of the sampling and nonsampling
errors. The following is a description of
the sampling and nohsambling errors
associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample e§timates from the 1970
census is in the 1970 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—The particular sample used for this
survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sampie estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is @ measure of the precision with which
an estimate from a sample approximates
the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors {nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-

fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, “biases, and some ad-
ditional -nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then: '

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2. Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average result of all possible
samples.

The average result of all possible samples
may or may not be contained in any
particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
resuit of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
variety of items and afso could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
standard errors for any specific.item.

TABLE |. Standard Errors for Estimated Num-
ber of Housing Units in the 1974 Housing
Inventory for the Washington, D.C.-Md.-Va.,
SMSA, for the Central Cities, and for the Bal-
ance of the SMSA.

{68 chances out of 100)

Standard error
Size of .

estimate Total In Notin

SMSA central ce_n_tral

cities cities
500 210 140 240
1,000 300 200 330
2,500 480 320 530
5,000 . 680 450 750
10,000 960 630 1,050
25,000 1,500 960 1,650
50,000 2,090 | 1,290 2,290
100,000 2,890 | 1,610 3,120
250,000 4,180 920 4,350
500,000 4,890 - 4,420
750,000 4,390 - 1,400
1,000,000 1,870 . - -

1

TABLE II. Standard Errors for Estimated Num-
ber of 1970-1974 Lost Units for the Wash-
ington, D.C.-Md.-Va., SMSA, for the Central
Cities, and for the Batance of the SMSA

{68 chances out of 100)

Standard error
Size .
estimate | Total In Notin
SMSA central central

cities cities
100 a0 70 100
200 130 100 150
500 210 150 230
700 250 180 280
1,000 300 220 330
1,500 370 270 410
2,500 470 350 540
3,500 560 420 640
5,000 660 510 790
7,500 800 640 1,000
10,000 920 760 1,190
15,000 1,110 980 -
20,000 1,270 - -
23,300 1,360 - -
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Table 1 presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory. Tabie |1
presents the standard errors for estimates
of characteristics of the 1970 units lost
between 1970-1974. Linear interpolation
should be used to determine the standard
error for estimates not specifically shown
in tables | and II.

The retiability of an estimated per-
centage depends upon the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following forrmula:

Let x = the numerator
y = the denominator
o, = the standard error of
the numerator
ov = the standard error of

the denominator

The standard error of the percentage
(i.e., {100) (x/y)) is approximately equal

to
(100} (x/y) /(;5)2 &3)2

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a

subclass of y, the above formula under- ~

estimates the standard error of the ratio
when there is little or no correlation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus (-) to
plus (+).

fllustration of the use of the standard
error tables.—Table B-2 in part C of this
report shows that in the central city of
this SMSA there were 56,400 specified
owner-occupied housing units with 3 or
more bedrooms in 1974, Interpolation in
column 2 of table | of this appendix
shows that the standard error of an esti-
mate of this size is approximately 1,330.
Consequently, the 68-percent confidence
interval is from 55,070 to 57,730 housing
units. Therefore, a conclusion that the
average estimate of 1974 specified
owner-occupied housing units with 3 or

App-30

more bedrooms, derived from all possibie
samples, lies within a range computed in

this way would be correct for roughly 68 ‘

percent of all possible sampleé. Similarly,
we could conclude that the average esti-
mate derived from all possible samples
lies within the interval from 54,270 to
58,630 housing units with 90 percent
confidence; and that the average estirnate
lies within the interval from 53,740 to
59,060 housing units with 95 percent
confidence.

Table 3-2 in part C also shows that of
the 56,400 specified owner-occupied
housing units with 3 or more bedrooms,
4,600, or 8.2 percent, were valued be-
tween $15,000 and $19,999. Table | of
this appendix shows that the standard
error for 4,600 is approximately 430.
Therefore, using the formula for the
standard error of a percentage (as shown
in the paragraph preceding this iltustra-
tion), the standard error of 8.2 percent
is approximately 0.7 percentage points:

~ 4,600 430% 7 1,330¥
0.7={100 56,400)\/@,600} §6,400)

Consequently, the 68-percent confidence
interval, as shown by these data, is from
7.5 to 8.9 percent; the 90-percent confi-
dence interval is from 7.1 to 9.3 percent;
and the 95-percent confidence interval. is
from 6.8 to 9.6 percent.

Differences.—The standard errors shown
are not cGirectly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately equal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of -the
same characteristic in two different
SMSA's or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formuta will

_ estimate the true error.

Hustration of the computation of the
standard error of a difference. —Table B-2

. shown above, Table

over-

in part C of this SMSA report shows that
in 1974 there were 900 specified owner-
occupied units with 3 or more bedrooms
valued between $10,000 and $14,999.
Thus the apparent difference between the
number of 1974 owner-occupied units
with 3 or more bedrooms valued between
$10,000 and $14,999 and those valued
between $15,000 and $19,999 is- 3,700.
The standard error of 4,800 is 430, as
| also shows the
standard error on an estimate of 900 to
be approximately 180. Therefore, the
standard error of the estimated difference
of 3,700 is about

470= /14307 + (190)%

" Consequently, the 68-percent confidence

interval for the 3,700 difference is from
3,230 to 4,170 housing units. Therefore,
a conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 80-percent confidence interval is from
2,950 to 4,450 housing units, and the
95-percent confidence interval is from
2,760 to 4,640. Thus, 'we can conclude
with 95 percent confidence that the num-
ber of 1974 owner-occupied housing
units with 3 or more bedrooms, valued
between $15,000 and $19,999 is greater
than the number of units valued between
$10,000 and $14,999 since the 95-per-
cent confidence interval does not include
zero or negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribution upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The foltowing
procedure may be used to estimate confi-
dence limits of a median based on sample
data:

{1} From table | or Il in conjunction

with the formula for the standard
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error.of a percentage, determine the
standard error of a 50-percent charac-
teristic on the base of the median;

{2} add to and subtract from 50 per-
cent, the standard error determined in
step 1; and

{3) using- the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points established in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples. would lie .bgtween these two
values, " *

A two-standard-error confidence inter-
val may be determined bty finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values,

Hustration of the computation of the
standard error of a median.—Table B-2 in
part’ C of this report shows the median
value of owner-occupied housing units
with 3 or more bedrooms in the central
city of this SMSA was $33,700 in 1974,
The base of the distribution from which
this median was determined is 56,400
housing units.

1. Table [, in conjunction with the
- formula for the standard error of a
percentage, shows that the standard
error of 50 percent on a base of
66,400 is 1.3 percentage points:

/28,200
1.3—(100)%'4—06

2. To obtain a two-standard-error con-
fidence interval ‘on the " estimated
median, add to and subtract from 50
percent twice the standard error deter-
mined in step 1. This yields percentage
limits of 47.4 to 52.6. .

3. From table B-2 in part C of this
report it can be seen by cumiulating
the frequencies for the first five cate-

1,000¥ 7 1,330\
8,200 ,40

gories fh_at 13,100 owner-occupied ~

housing units with 3 or more bed-
rooms, or 23.2 percent, had a value
' less than $25,000; and an additional

17,300, or 30.7 percent, had a value
between $25,000 and $34,999.

By linear interpolation, the lower limit of
the 95-percent confidence interval is
found to be about

$25,000 + (§35,000—§25,000) (ﬂ%)nguo.
Similarly, the upper limit of the 95per-
cent confidence interval is found to be
about

$25,000 + {$35,000-$25,000} (5—2-'%1::,342)=$34,600.

Thus, the 95-percent confidence inten}al
ranges from $32,900 to $34,600.

Nonsampling errors.—In  general, non-
sampling errors can be attributed to many
sources: Inabitity to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part

~of respondents, mistakes in recording

or coding the data, and other errors of
collection, response, processing coverage,
and estimation for missing data. As can
be seen from the above list, nonsampling
errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well, )

Obtaining 2 measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con-
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1970 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

1970 census.—Several studies were con-
ducted to measure two types of general
errors—"‘coverage’’ errors and ‘‘content’
errors—associated with 1870 census
estimates.

The ‘coverage’’ errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its.occupants
were missed in the census or in which

they were counted more than once
{overenumerated). Space errors usually
are the largest component of housing
coverage error.

2. Definitional errors.—This type of
error is best described by an example.
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire, The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.B,, vacant units
that are improperly enumerated as
occupied and vice versa.

]

The *‘content’” error measured the
accuracy of the data collected for enum-
erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unreliable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
towing methods: ’

1. Reinterview.—Households originaliy
enumerated in the census were re-
visited and a second observation was
obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the rmethodology employed,
can be obtained in the 1970 Census of '
Population and Housing, Evaluation and
Research  Program  Reports, Series
PHC{E)-5, The Coversge of Housing in
the 1970 Census, and Series PHC(E)-10,
Accuracy of Data for Selected Housing

App-31



APPENDIX B—Continued

Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. "The total missed rate for housing
units in 1970 is estimated to be 2.6
percent”; i.e., for each 100 units that
were finally enumerated in the census,
an estimated 25 were missed.
{PHC(E}-5, p.3)

2. "The occupied space missed rate
for the total United States in 1970 is
estimated-at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths, were due to
missed structures. (PHC(E)-5, p.4}

3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.” [PHC{E}-5, p.11}
4. "Most of the vacant units that were
enumerated as occupied were pro-

cedure errors, whereas most occupied -

units misclassified as wvacant were
'

caused by enumerator error.
{(PHC(E}-5, p. 16) Approximately 16.5
percent of all units initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as vacant.
{PHC(E)-5, p. 15)
5. "“Generally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
maore consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.”” (PHC{E)-10, p.86) - The
above statement applied to the follow-
ing iterns:

a. heating fuel
. renters paying extra for utilities
and/or fuel
bathtub or shower
. flush toilet
telephone availability
year structure built
vzlue of home
. seasonal vacancy status

=

Te =~ ap

“Heating fuel, year structure built,
and value of home are more- con-
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sistently reported for units with a
non-Negro head, while bathtub or
shower and flush toilet are more con-
‘sistently reported - for units with a
Negro head.” {(PHC(E)-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample design and estimation procedure
for each study. is given in the publications
mentioned above.

AHS-SMSA.—For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurament of some of the com-
ponents cf the nonsampling error associ-
ated with the AHS estimates. A reinter-
view program was conducted for a sample
of the AHS households. These households
were revisited and answers to some of the
questions on the AHS guestionnaire were
obtained again. The original interview and
the reinterview were assumed to be two
independent readings and, thus, were the
basis for the measurement of the accu-
racy of the AHS data collected from enu-
merated households, ’

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview:

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “Year
Built’" was obtained.

4, The correct information on "Ten-
ure’’ was obtained.

5. The correct information on “House-
hold Composition” was obtained,
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “Oc-
cupancy  Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items.

The results of this study are presented
in the following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974."

Some .of the results of this study are
presented below. (Please note that these
resufts are based on the reinterviews
across all Year | SMSA’'s and not specifi-
cally for this SMSA.)

1. “The results indicate that the in-
terviewers are doing a good job. From
a total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household compaosition, and 6 in con-
tent reinterview.”

2. A moderate level of inconsistency .
in responses existed between the ori-

ginal interview and the reinterview for

most of the items selected for the re-

interview. The items with the higher

levels of inconsistency tended to be

the attitude and opinion items which

were expected to have relatively high

inconsistency levels,

3. "'Our bias indicator, the net differ-
ence rate, revealed 7 categories out of
78 {78 from a total of 87 categories
had enough data to compute reliable
measures of response error) were
significantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-
count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued prior to 1970
would have been completed by the time
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of the 1970 census (i.e., April 1970)
and, therefore, -woul_d have 'been repre-
sented in the sample selected from 1970

census units. However, it has been esti-’

mated that, nationally, there were about
600,000 conventional new construction
units buitt after Aprit 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Ailthough it ‘is not known
exactly, an estimated 11,300 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was
obtained by applying the national re-
lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA, ' )

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new maobile homes {and trailers) in
permit-issuing areas. However, new

- mobile homes in permit-issuing areas do

come into sample if the mobile. homes

are located in mobile home parks, identi-

fied as such in the 1870 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in
the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated
that approximately 700 new mobile
homes in permit-issuing areas were missed
by the 1974 AHS-SMSA survey in this
SMSA, This estimate was obtained by
applying the relationship for this SMSA,
between total units built between 1965

and 1970, and mohile homes built be-
tween 1965 and 1970, to the AHS
estimate of total units built since April
1970. The second-stage ratio estimation
procedure was employed to reduce the
effect of both these deficiencies, although
some bias in the AHS sample still exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding is significant relative to the
sampling error only for small percentages,

" median number of persons, and median

number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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SAMPLE DESIGN

The estimates for each of the 19 SMSA’s
are based on data collected from the
1974 Annual Housing Survey (AHS),
which was conducted by the Bureau of
the Census, acting as collection agent for
the Department of Housing and Urban
Development. In each of the 19 SMSA's,
the data were collected during a 12-
month period from April 1874 through
March 1975 with one-twelfth of the
sample units being visited each month.

Data for a second group of 21 SMSA's
were collected for the AHS from April
1975 through March 1976, and for a
third group of 20 SMSA’'s, from April
1976 through March 1977. The sample
housing units for each group of SMSA's
will be enumerated every three years on a
" rotating basis.

The four largest SMSA’s in each group
are represented separately by a sample of
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15,000 designated housing units evenly
divided between the central city and the

balance of the respective SMSA., All _

remaining SMSA’s are each represented
by a sample of 5,000 designated housing
units distributed proportionately between
the central city and the balance of the
respective  SMSA based on the distri-
bution of total housing units in each
sector.

The four largest SMSA's in the first
group {Year | SMSA’s) are: Boston,
Mass., Oetroit, Mich., Los Angeles-Long
Beach, Calif.,, and Washington,
D.C.-Md.-Va.

The remaining SMSA's in this first
group are: Albany-Schenectady-Troy,
N.Y., Anzheim-Santa Ana Garden Grove,
Calif., Dallas, Tex., Fort Worth, Tex.,
Memphis, Tenn.-Ark.,, Minneapolis-St,
Paul, Minn., Newark, N.J., Orlando, Fla.,
Phoenix, Ariz., Pittsburgh, Pa., Saginaw,
Mich., Salt Lake City, Utah, Spokane,
Wash., Tacoma, Wash., and Wichita,~Kans.

In the Wichita, Kans., SMSA!, 4,930
sample housing units were eligible for in-
terview. Of this number, 140 interviews
were not obtained because, for occupied
housing units, the occupants were not at
home after repeated visits or were un-

. avaifable for some other reason; or, for

vacant units, no informed respondent
could be found after repeated visits. In
addit?on to units eligible for interview,
390 u‘t:'lits were visited and found to be
condemned, unfit, demolished, converted
to™group quarters use, etc., and, there-
fore, were not eligible for interview.

Selection of the sample.—The AHS sam-
ple for the Wichita, Kans., SMSA was

selected from three sample frames: Hous- -

ing units enumerated in the 1970 Census
of Housing and Population in areas under
the jurisdiction of permit-issuing offices
for this SMSA (the permit-issuing uni-
verse), units constructed since the 1970
census in permit-issuing areas (the new
construction universe), and units located
in areas not under the jurisdiction of

permit-issuing offices {the nonpermit
universe). Sampling operations, described
in the following paragraphs, were per-
formed separately within the central city
and the balance of this SMSA for each of
these sample frames. The overall sampling
rate was about the same for the sample
selected from both the central city and
the balance of this SMSA since the
sample was distributed proportionately
between the central city and the balance
of this SMSA according to the distri-
bution of total units in each sector.

The major portion of the sample was
selected from a file which represented the
20-percent sample of units enumerated in
the 1970 Census of Housing and Popu-
lation. This file contained records for
occupied housing units, vacant housing
units, and units in certain special places
or group quarters. Sampling operations
were done separately for the special place
and group quarters records and for the
occupied and vacant housing unit records.
Before the sample was selected from
records of the occupied and vacant units,
the occupied housing unit records were
stratified by race of head (non-Negro,
Negro), and the vacant housing unit
records were stratified into four cate-
gories pertaining to the value or rent
associated with the vacant housing units.
The occupied housing unit records were
further stratified so that each unit was -
assigned to one of 50 strata according to
its tenure, family size, and househoid
income categories as illustrated by the
foliowing table.

TENURE
Household Owner Renter
income Family size| Family size
12345+ 123456+
Under $3,000 . . . .
$3,000-35999 . . .
$6,000-$9,999 . . .
$10,000-$14,999 .
$15,000 and over . .
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Thus, for this SMSA, the occupied
housing unit records from this universe
were assigned to one of 100 strata for
either the central city or for the balance,
and the vacant housing unit records were
assigned to one of the four vacant strata
for either the central city, or for the
balance of the SMSA. A sample of
housing unit records was then selected at
a sampling rate twice that which had been
determined necessary to produce the
correct sample size. The housing unit
record adjacent to each sampie housing
unit record was also selected to be in
sample thereby insuring the necessary
designated sample size.

Before the sample was selected from
the group quarters and special place
records, the records were. stratified by
census tract and census enumeration
district {(ED) within the central city and
within the balance of the SMSA. A
sample of special place records was then
selected at a sampling rate four times that
which had been determined necessary to
produce the correct sample size. How
ever, at the time of enumeration the units
at each of the sample special places were
listed and subsampled at a rate that
would produce an expected four sample
units, thereby insuring the necessary
designated sample size.

The second frame from which this
SMSA sample was selected was a list of
new construction building permits issued
since 1970 (i.e., the new construction
universe). The sample selection was an
independent operation within this SMSA,
Prior to sample selection, the list of
permits was chronologically stratified by
the date the permits were issued and
clusters of an expected four (usually
adjacent) housing units were formed.
These clusters were then sampled for
inclusion at the overall sampling rate.

The rémainder of the AHS sample was
selected from a frame consisting of a list
of areas not under the jurisdiction of
permit-issuing offices (i.e., the nonpermit
universe). The first step in the sampling
operation for this universe was the selec-
tion, using the overall sampling rate, of a
sample of census enumeration districts
within these areas. Prior to this sample

_selection, the ED’s were stratified by

census tract within the central city and

-within the balance of the SMSA. The

probability of selection for an ED was
proportionate to the following measure
of size:
Group quarters
Number of housing population in

units in 1970 1970 census ED
census ED 3

4

The sample ED's were then divided
into segments; i.e., small fand areas with
well-defined boundaries having an ex-
pected size of four (usually adjacent)
housing units. Those segments, with an
expected size which was a multiple of
four, were further subdivided at the time
of enumeration to produce an expected
four sample housing units.

The next step was the selection of one
of these segments within each sample ED.
In the sample segments, all units in
existence at the time of interview are in
sample, Thus, units enumerated in the
1970 census as well as units built since
the 1970 census are included.

Building oss sample selection.—Statistics
in this report provide estimates of the
1970 characteristics of housing units
removed from the inventory since 1970
{i.e., units enumerated in the 1970 census
that no longer existed as part of the
housing inventory at the time of the AHS
enumeration), For the permit-issuing
universe, the sample upon which these
estimates were based was the regular AHS
sample described above. Since the ad-
dresses for these sample units were
known to exist in 1970, the AHS inter-
viewer determined those sample units
that were no longer considered part of
the housing inventory. From these units,
estimates were obtained for both whole
structure losses [i.e., lost units in struc-
tures in which all housing units were
removed from the inventory) and part
structure losses (i.e., lost units in struc-
tures in which some, but not all, of the
units were removed from the inventory),

For the nonpermit universe, it was
necessary to select an independent sample
with which to measure lost units because

of the area sample technique employed
for the regular AHS sample. For this
independent sample, a cluster of four
{usually adjacent) housing unit addresses
was selected from the 1970 census listing
of addresses for each sample ED. Since
these addresses were known to exist in
1970, the AHS interviewer determined
those sample units that were no longer
considered part of the housing inventory.
From these units, only estimates of whole
structure losses were obtained (i.e., lost
units in structures in which all housing
units were removed from the inventory).

1970 Census of Population and Hous-
ing.—The estimates pertaining to the
1970 housing inventory (i.e., the housing
inventory that existed at the time of the -
1970 census) are based on -either
20-percent, 15-percent, or 5-percent sam-
ple data collected in April 1970 for the
Decennial Census of Population and
Housing. A detailed description of the
sample design employed for the 1970
census can be obtained in the 1970
Census of Housing report, Volume |,
Housing Characteristics for States, Cities,
and Counties, Part 1.

ESTIMATION

The AHS-SMSA sample produced esti-
mates of two types: Estimates pertaining
to housing inventory characteristics at
enumeration time, and estimates per-
taining to characteristics of units removed
from the housing inventory since 1970,
Each type of estimate employed a sepa
rate, though similar, estimation procedure
as described below,

1974 housing inventory.—The AHS
estimations of characteristics of the 1974
housing inventory employed a two-stage
ratio estimation procedure. However, prior
to implementation of this procedure, the
basic weight (i.e., the inverse of the
probability of selection) for each inter-
viewed sample housing unit was adjusted
to account for the 140 noninterviews
previously mentioned. The noninterview
adjustment factor was equal to the fol-
lowing ratio:
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Weighted count of interviewed housing
units + Weighted count of
noninterviewed housing units
Weighted count of interviewed housing
units

The factor was computed separately
for sample housing units within the cen-
tral city and within the balance of the
SMSA. Within each sector a noninterview
factor was computed separately for 54
noninterview cells for sample housing
units from the permit-issuing universe
{where the cells consisted of one or more
of the different strata used in the stratifi-
cation of the universe as previously
illustrated), one noninterview cell for new
construction sample housing units, and
one noninterview cell for sample units
from the nonpermit universe. Sample
housing units from the nonpermit uni-
verse, identified as being built April 1,
1970, or later, were considered as new
construction units for the purpose of the
noninterview adjustment.

The first-stage ratio estimation proce-
dure was employed for all sample housing
units :from the permit-issuing universe,
This factor was computed separately for
all sample housing units within each
permit-issuing universe noninterview cell
mentioned above. The ratio estimation
factor for each cell was as follows:

1970 census count of housing units from
permit-issuing universe in a cell
AHS sample estimate of 1970 housing
units from the cell

" The numerators of the ratios were
obtained from the 1970 Census of Popu-
lation and Housing 20-percent file of
units enumerated in areas under the
jurisdiction of permit-issuing offices. The
denominators of the ratios were obtained
from weighted estimates of all AHS sam-
ple units within the corresponding ratio
estimation categories using the existing
weight (i.e., the basic weight times the
noninterview factor). The computed
first-stage ratio estimation factor was
then applied to the existing weight for

each sample unit within the corre-
sponding first-stage ratio estimation
category.

The .effect of this ratio estimation
procedure was to reduce somewhat the
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variation in sample size for strata used in
the sample selection for the permit-
issuing universe. Ordinarily, this would
have been controlled by sampling within
the straza during the sample selection
process. However, prior to the AHS sam-
ple selection within each SMSA, units
already selected for other Census Bureau
surveys were deleted from the permit-
issuing universe. Thus, some variation in
sample size was introduced during the
AHS sample selection process.

The second-stage ratio estimation
procedure was employed for all sample
units that were conventional new con-
struction units (i.e., conventional units
built after April 1970), new mobile
homes (i.e., mobile homes placed after
April 1970}, or “other addition” units
{i.e., units added by conversion of 1970
units or from other sources). This proce-
dure was designed to adjust the AHS
sample estimates of such units to
independzantly derived current estimates
available for these types of units. This
adjustment was necessary to correct for
known deficiencies in the AHS sample
with regard to representation of these
units {sez’ the section on nonsampling
error).

The second-stage ratio estimation fac-
tors were computed separately for each
of the cells in the table below using the
following formula:

October 1974 independent estimate of housing
units in that cell for the SMSA
AHS sample estimate of housing units in
that cell for the SMSA

Second-Stage Ratio Estimation Cells

Conventional new construction

The numerators of the ratios were
derived by applying the following fac-
tors: {1) For the *“conventional new
construction units” cell, a national trend
for missed conventional new construction
was applied to the 1968 and 1969 build-
ing permits issued in this SMSA; {2) for
the “new mobile homes” cell, a 1870

census relationship between total new -

construction and new mobile homes that
existed in this SMSA for the 1965-1970
period was applied; and (3) for the

“other additions” cell, rates .from
SCARF! for “other additions” was ap-
plied. ) .

The denominators of the ratios were
obtained from the weighted estimates for
the AHS sample units within each cell,
using the existing weight after the first-
stage ratio estimation procedure. The
computed second-stage ratio estimation
factor was then applied to the existing
weight for each sample unit in the corre-
sponding second-stage ratio estimation

_category.

The effect of the second-stage ratio
estimation procedure, as well as the over-
all estimation procedure, was to reduce
the sampling error for most statistics
below what would have been obtained by
simply weighting the results of the sample
by the inverse of the probability of
selection. Since the housing population of
the sample differed somewhat by chance
from that for the SMSA as a whole, it can
be expected that the sample estimates
will be improved when the sample hous-
ing population is brought into agreement
with known estimates of the SMSA hous-
ing population. X

In some of the Year | SM5A’s, a third-
stage ratio estimation procedure was also
employed. This procedure involved the
ratio estimation of the AHS weighted
éample estimate of the October 1974
housing inventory to an independent esti-
mate of the SMSA's October 1974 hous-
ing inventory. This estimate was de-
rived by using the 1970 census estimate
of the April 1970 housing inventory in
conjunction with an estimate of change in
the housing inventory since the census,
based on either administrative records
from utility companies {where available}
or estimates of new construction permits
and post-census demolition data. The
quality or reliability of the independent
estimate varied by SMSA, depending on

! SCARF denotes the Survey of Components
of Change and Residentisl Finance, a survey
conducted in 1957-19589 by the Census
Bureau.
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the completeness of the utility data or
permit demolition data. However, a
measure of the reliability (i.e., the relative
bias) of these independent estimates was
available, based on a comparison between
the 1970 census estimate of total housing
and an April 1970 independent estimate
of total housing, generated from the pro-
cedure used to produce the October 1974
independent estimates. As a consequence,
the independent estimates were only
employed in those SMSA's where the
estimated relative bias was low enough
{i.e., 3 percent or less over a 1Q0-year
period) to prectude the possibility of
doing more harm than good to the survey
results.

For this SMSA, this independent
estimate was not employed because of
the lack of reliability of the estimate (i.e.,
the bias was more than three percent over
the 10-year period, 1960-1970).

1970-1974 lost units.—The estimate of
characteristics of the 1970-1974 lost
units employed a one-stage ratio estima-
tion procedure similar to the first-stage
ratio estimation procedure mentioned
above. The 1970-1974 lost units file was
matched to the 1970 census file to obtain
the 1970 characteristics of the lost units.
As a result, some lost units did not
match. Thus, following the implemen-
tation of the ratio estimation procedure,
the weight for each matched lost unit was
adjusted to account for the nonmatched
lost units. The nonmatch adjustment fac-
tor was equal to the following ratio:

Weighted count of matched lost units +
Weighted count of nonmatched lost units
Weighted count of matched lost units

Within each sector of the SMSA, this
factor was computed separately for
whole-structure losses and part-structure
losses. The effect of this estimation
procedure was to reduce the sampling
error -below what would have been ob-
tained by simply weighting the results of
the sample by the inverse of the proba-
bility of selection.

~ from

Ratio estimation procedure of the 1970
Census of Population and Housing.—This
report presents data on the housing
characteristics of the 1970 housing
inventory from the 1970 Census of
Population and Housing. The statistics
based on 1970 census sample data em-
ployed a ratio estimation procedure
which was applied separately for each of
the three census samples. A detailed
description of the ratio estimation
procedure employed for the 1970 census
can be found in the 1970 Census of
Housing report, Volume 1, Housing
Characteristics for States, Cities, and
Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors
associated with estimates based on data
sample surveys—sampling and
nonsampling errors. The “accuracy’’ of a
survey estimate is determined by the joint
effects of the sampling and nonsampliﬁg
errors. The following is a description of

the sampling and nonsampling errors’

associated with the AHS-SMSA sample
and of the nonsampling errors associated
with the 1970 census estimates. A de-
scription of the sampling errors associated
with the sample estimates from the 1970
census is in the 1870 Census of Housing
report, Volume |, Housing Characteristics
for States, Cities, and Counties, Part 1.

Sampling errors for the AHS-SMSA sam-
ple.—-The particular sample used for this
survey is one of a large number of
possible samples of the same size that
could have been selected using the same
sample design. Even if the same sched-
ules, instructions, and enumerators were
used, estimates from each of the different
samples would differ from each other.
The deviation of a sample estimate from
the average of all possible samples is
defined as the sampling error. The stand-
ard error of a survey-estimate attempts to
measure this variation among the esti-
mates from the possible samples and thus
is a measure of the precision with which
an estimate from a sample approximates

the average result of all possible samples.

As calculated for this report, the
standard error also partially measures the
variation in the estimates due to response
and enumerator errors  (nonsampling
errors), but it does not measure, as such,
any systematic biases in the data. There-
fore, the accuracy of the estimates de-
pends on both the sampling and non-
sampling errors, measured by the
standard error, biases, and some ad-
ditional nonsampling errors not meas-
ured by the standard error.

The sample estimate and its estimated
standard error enable one to construct
interval estimates in which the interval
includes the average result of all possible
samples with a known probability. For
example, if all possible samples were
selected, each of these surveyed under
essentially the same general conditions,
and an estimate and its estimated stand-
ard error were calculated from each sam-
ple, then:

1. Approximately 68 percent of the
intervals from one standard error be-
low the estimate to one standard error
above the estimate would include the
average result of all possible samples.

2, Approximately 90 percent of the
intervals from 1.6 standard errors be-
low the estimate to 1.6 standard errors
above the estimate would include the
average result of all possible samples.

3. Approximately 95 percent of the
intervals from two standard errors
below the estimate to two standard
errors above the estimate would in-
clude the average resuit ot all possible
samples.

The average result of all possible samples
may or may not be contained in any
particular computed interval. For a partic-
ular sample, however, one can say with
specified confidence that the average
result of all possible samples is included
in the constructed interval.

The figures presented in the tables
below are approximations to the standard
errors of various estimates shown in this
SMSA report. In order to derive standard
errors that would be applicable to a wide
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variety- of items and also could be pre-
pared at a moderate cost, a number of
approximations were required. As a re-
sult, the table of standard errors provides
an indication of the order of magnitude
of the standard errors rather than precise
* standard errors for any specific item.

Table | presents the standard errors
applicable to estimates of characteristics
of the 1974 housing inventory as well as
estimates of characteristics of the 1970-
1974 lost units. Linear interpolation
should be used to determine the standard
errors for estimates not specifically
shown in table I.

The reliability of an estimated per-
centage depends updn the size of the
percentage and the size of the total upon
which the percentage is based. An
approximation to the standard error of a
percentage may be obtained by using the
following formula:

Let x = the numerator
y = the denominator
a, = the standard error of
the numerator
oY = the standard error of

the denominator -

The standard error of the percentage
{i.e., (100} {x/vy}) is approximately equal

to
(100) (xfy) /C&)2 -Qﬂy)z

The standard errors of x and y should be
obtained from the appropriate standard
error tables. For ratios, where x is not a

TABLE |. Standard Errors for Estimated Num-
ber of Housing Units in the 1974 Housing In-
ventory and for Estimated Number of 1970-
1974 Lost Units for the Wichita, Kans., SMSA

{68 chances out of 100}

- the 26,700

Size of | Standard | Size of | Standard
astimate error estimate error
100 50 5,000 380
200 70 | 10,000 510
500 120 | 25,000 760
1,000 170-| 50,000 950
2,500 260 | 100,000 890
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subclass of y, the above formula under-
estimates the standard error of the ratio
when there is little or no correlation
between x and y. For this type of ratio a
better approximation of the standard
error may be obtained by changing the
sign in the formula from minus (—) to
plus {+).

Mlustration of the use of the standard
error table.—Table 2 in part C of this
report shows that in this SMSA there
were 26,700 specified owner-occupied
housing units with two bedrooms in
1974. Interpolation in table | of this
appendix shows that the standard error of
an estimate of this size is approximately
770. Consequently, the 68-percent con-
fidence interval is from 25,930 to 27,470
housing units, Therefore, a conclusion
that the average estimate of 1974 speci-
fied owner-occupied housing units with
two bedrooms, derived from all possible
samples, lies within a range computed

" in this way would be correct for roughly

68 percent of all possible samples. Sim-
ilarly, we could conclude that the average
estimate derived from all possible samples
lies within the interval from 25,470 to
27,930 housing units with 90 percent
confidence; and that the average estimate
lies within the interval from 25,160
to 28,240 housing units with 85 percent
confidenca.

Table 2 in part C also shows that of
specified owner-occupied
housing uaits with two bedrooms, 7,800,
or 29.2 nercent, were valued between
$15,000 and $19,999, Table 1 of this
appendix shows that the standard error
for 7,800 is approximately 450. There-
fore, using the formula for the standard
error of a percentage {as shown in the
paragraph preceding table | of this appen-
dix), the standard error of 29.2 percent
is approximately 1.5 percentage points:

_ 7,800 450¥ 700
18 "“00'(26,700) \/ (7.300) _(26,7OJ

Consequently, the 68-percent confidence
interval, as shown by these data, is from
27,7 to 30.7 percent; the 90-percent
confidence interval is from 26.8 to 31.6

percent; and the 95-percent confidence

" interval is from 26.2 to 32.2 percent.

Differences.—The standard errors shown
are not directly applicable to differences
between two estimates. The standard
error of a difference between estimates is
approximately équal to the square root of
the sum of the squares of the standard
errors of each estimate considered sepa-
rately. This formula is quite accurate for
the difference between estimates of the
same characteristic in two different
SMSA's or the difference between sepa-
rate and uncorrelated characteristics in
the same SMSA. If, however, there is a
high positive correlation between the two
characteristics, the formula will over-
estimate the true error.

Hiustration of the computation of the
standard error of a difference.—Table 2 in
part C of this SMSA report shows that in
1974 there were 3,100 specified owner-
occupied units with two bedrooms
valued between $20,000 and $24,999.
Thus the apparent difference between the
number of 1974 owner-occupied units
with two bedrooms valued between
$20,000 and $24,999 and those valued
between $15,000 and $19,999 is 4,700.
The standard error of 7,800 is 450 as
shown above, Table | also shows the
standard error on an estimate of 3,100 to
be approximately 290. Therefore, the
standard error of the estimated difference
of 4,700 is about

540 =+/ (450)% + (290)

Consequently, the 68-percent confidence
interval for the 4,700 difference is from
4,160 to 5,240 housing units, Therefore,
a conclusion that the average estimate,
derived from all possible samples, of this
difference lies within a range computed in
this way would be correct for roughly 68
percent of all possible samples. Similarly,
the 90-percent confidence interval is from
3,840 to 5,660 housing units, and the
95 percent confidence interval is from
3,620 to 5,780. Thus, we can con-
clude with 95 pervent confidence that
the number of 1974 owner-occupied
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housing unis with two bedrooms, valued

between $15,000 and $19,999 is greater
than the number of units valued between
$20,000 and $24,999 since the 95
percent confidence interval does not in-
clude zero or negative values.

Medians.—For the medians presented in
certain tables, the sampling error depends
on the size of the base and on the
distribUtion upon which the median is
based. An approximate method for meas-
uring the reliability of the estimated
median is to determine an interval about
the estimated median such that there is a
stated degree of confidence that the
average median from all possible samples
lies within the interval. The following
procedure may be used to estimate confi-
dence limits of a median based on sample
data:

{1) From table | in conjunction
with the formula for the standard
error of a percentage, determine the
standard error of a b0-percent charac-

teristic on the base of the median;

{2) add to and subtract from 50 per-
cent, the standard error determined in
step 1; and ’

{3) using the distribution of the
characteristic, read off the confidence
interval corresponding to the two
points éstablished in step 2.

For about 68 out of 100 possible sam-
ples, the average median from all possible
samples would lie between these two
values,

A two-standard-error confidence inter-
val may be determined by finding the
values corresponding to 50 percent plus
and minus twice the standard error deter-
mined in step 1. For about 95 out of 100
possible samples, the average median
from all possible samples would lie be-
tween these two values.

Hlustration of the computation of the
standard error of a median.—Table 2 in
part C of this report shows the median
value of owner-occupied housing units
with two bedrooms was $16,100 in 1974.
The base of the distribution from which

this median was determined is 26,700
housing units.

1. Table |1, in conjunction with
the formula for the standard error of
a percentage, shows that the standard
error of 50 percent on a base of 26,700
is 1.6 percentage points:

13,350\ /{ 570\ ( 770\°
16 _“00)(26,700)\) (13,350) _(26,700)

2. To obtain a two-standard-error con-
fidence interval on the estimated medi-
an, add to and subtract from 50
percent twice the standard error de-
termined in step 1. This yields percent-
age limits of 46.8 to 53.2.

3. From table 2 in part C of this report
it can be seen by cumulating the
frequencies for the first three cate-
gories that 11,500 owner-occupied
housing units with two bedrooms, or
43.1 percent, had a value less than
$15,000; and an additional 7,800
owner-occupied housing units with
two bedrooms, or 29.2 percent, had
a value between $15,000 and $19,999.

By linear interpolation, the iower limit of
the 95-percent confidence interval is found
to be about

$15,000 + {$5,000) (ﬂ%l} $15,600

Similarly, the upper limit of the 95-
percent confidence interval is found to
be about

53.2 - 431

$15,000 + ($5,000)( 29.2 )= $16,700

Thus, the 95-percent confidence interval
ranges from $15,600 to $16,700.

Nonsampling errors.—In general, non-
sampling errors can be attributed to many
sources: Inability to obtain information
about all cases, definitional difficulties,
differences in the interpretation of
questions, inability or unwillingness to
provide correct information on the part
of respondents, mistakes in recording
or coding the data, and other errors of
collection, response, processing coverage,

and estimation for missing data. As can '

-be seen from the above list, nonsampling |

errors are not unique to sample surveys
since they can, and do, occur in complete
censuses as well.

Obtaining a measurement of the total
nonsampling error associated with the esti-
mates from a survey is very difficult, con- '
sidering the number of possible sources
of error. However, an attempt was made
to measure some of the nonsampling
errors associated with the estimates for
both the 1870 Census of Population
and Housing and the 1974 AHS-SMSA
sample.

1970 census.—Several studies were con-
ducted to measure two types of general
errors—"'coverage’’ errors and “content”
errors—associated with 1970 census
estimates.

The "coverage’’ errors determined how
completely housing units were counted
in the census and included the following:

1. Space errors.—Errors in which both
the living quarters and its occupants
were missed in the census or in which
they were counted more than once
{overenumerated). Space errors usually
are the largest component of housing
coverage error.

2. Definitional errors.—This type of
error is best described by an example,
Consider an address that appears in
the census listings as a single-family
home and consequently receives only
one census questionnaire. The home
is owned by a person who has con-
verted part of the house into a separate
apartment for use by another family.
Since only one questionnaire was
received by the owner, he might list
the other family as members of his
household. In this case, only one
living quarters would have been
counted where two existed.

3. Occupancy errors.—Errors of in-
correct occupancy classification for
enumerated units; i.e., vacant units
that are improperly enumerated as
occupied and vice versa.
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The ‘“‘content” error measured the units misclassified as vacant were to some of the questions on the AHS
accuracy of the data collected for enum- caused by enumerator error,”  questionnaire were obtained again. The

erated housing units. Studies associated
with the measurement of the content
error measured the extent of errors
arising from the erroneous or unretiable
reporting of housing characteristics on
the census questionnaire. In these studies,
content errors were measured by the fol-
lowing methods:

1. Reinterview.—Households originally
enumerated in the census were re-

visited and a second observation was

obtained. These two readings were
assumed to be independent.

2. Record check.—The comparison of
census data with data obtained from
an independent record source.

3. Comparison of census data with
that obtained from other sample
surveys.

The detailed results of these studies,
as well as the methodology employed,
can be obtained in the 1970 Census of
Population and Housing, Evaluation and
Research  Program  Reports, Series
PHC(E)-5, The Coverage of Housing in
the 1970 Census, and Series PHC(E}-10,
Accuracy of Data for Selected Housing
Characteristics as Measured by Reinter-
views. Some of the results are presented
for the country as a whole below:

1. “The total missed rate for housing
units in 1970 is estimated to be 2.5
percent”; i.e,, for each 100 units that
were finally enumerated in the census,
an estimated 2.5 were missed.
(PHC(E)-5, p.3)

2. "The occupied space missed rate
for the total United States in 1970 is
estimated at 1.7 percent.” About one-
fourth of the errors occurred within
structures included in the census and
about three-fourths were due to
missed structures. {(PHC(E)-5, p.4}

3. “In 1970, the definitional under-
enumeration rate was 0.3 of 1 per-
cent and the overenumeration rate was
0.04 of 1 percent for a total error of
0.34 of 1 percent.”” (PHC{E)-5, p.11)
4. ."Most of the vacant units that were
enumerated as occupied were pro-
cedure errors, whereas most occupied
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{(PHC(E)-b, p. 16) Approximately 16.5
percent of all units initially enumer-
ated as vacant should have been
enumerated as occupied, and about
0.3 of 1 percent of all units initially
enumerated as occupied should have
been enumerated as wvacant.
{PHC{E)-5, p. 15}
5. “Cenerally, owners reported hous-
ing data more consistently than renters;
responses for occupied units were
more consistent than those for vacant
units; and respondents in single-
unit structures reported more con-
sistently than those in multi-unit
structures.” (PHC{E)-10, p.6) The
above statement applied to the follow-
ing items:

a. heating fuel
. renters paying extra for utilities
and/or fuel
bathtub or shower
. flush toilet
telephone availability
year structure built
value of home
. seasonal vacancy status

o

Te ~papn

“Heating fuel, year structure built,
and value of home are more con-
sistently reported for units with a

non-Negro head, while bathtub or '

shower and flush toilet are more con-
sistently reported for units with a
Negra head.” (PHC(E)-10, p. 8)

The results of these studies were based
on sample data so there is sampling
error associated with these estimates of
nonsampling error. The possibility of
such errors should be taken into account
when considering the results of these
studies. A detailed description of the
sample cesign and estimation procedure
for each study is given in the publications
mentioned above.

AHS-SMSA.~For the 1974 AHS-SMSA
sample, a study was conducted to obtain
a measurement of some of the com-
ponents of the nonsampling error as-
sociated with the AHS estimates, A
reinterview program was conducted for a
sample of the AHS households. These
households were revisited and answers

original interview and the reinterview
were assumed to be two independent
readings and, thus, were the basis for the
measurement of the accuracy of the AHS
data collected from enumerated house-

" holds.

As part of the reinterview, a check was
made at each of thesehouseholds to deter-
mine if the following was done during the
original interview: !

1. The correct unit was visited.

2. The correct number of housing
units were interviewed at that address.
3. The correct information on “'Year
Built” was obtained.

4, The correct information on “Ten-
ure’’ was obtained.

5. The correct information on “"House-
hold Compeosition” was obtained,
6. The correct information on “Type
of Housing Unit” was obtained.
7. The correct information on “Oc-
cupancy Status” was obtained.

This check was made for interviewer
evaluation and control. That is, tolerance
limits were derived to determine which
interviewers passed or failed this reinter-
view with regard to the above items,
The results of this study are presented
in the, following census memorandum,
“Reinterview Results for Annual Housing
Survey-SMSA Sample; 1974,

Some of the results of this study are
presented below. {Please note that these
results are based on the reinterviews
across all Year | SMSA’'s and not specifi-
cally for this SMSA.)

1. “The results indicate that the in-
terviewers are doing a good job. From
a total of 230 interviewers checked, 9
failed in coverage reinterview, 2 in
household composition, and 6 in
content reinterview,”

2. A moderate level of inconsistency
in responses existed between the orig-
inal interview and the reinterview for
most of the items selected for the
reinterview, The items with the higher
levels of inconsistency tended to be
the attitude and opinion items which
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were expected to have higher incon-
sistency levels.

3. “Qur bias indicator, the net differ-
ence rate, revealed 7 categories out of
78 (78 from a total of 87 categories
had enough data to compute reliable
measures of response error) were signi-
ficantly different from zero.”

The results of this study were based on
sample data so there is sampling error
associated with these estimates of non-
sampling error. Therefore, the possibility
of such errors should be taken into ac-

count when considering the results.

With respect to errors of coverage and
estimation for missing data, it is believed
that the AHS new construction sample
had deficiencies with regard to the
representation of both conventional new
construction and new mobile homes in
* permit-issuing areas. During the sampling
of building permits, only those issued
January 1, 1970, or later were eligible
to be sampled to represent conventional
new construction in permit-issuing areas
for this SMSA. It had been assumed that
units with permits issued prior to 1970
would have, been completed by the time
of the 1970 census {i.e., April 1970}
and, therefore, would have been repre-
sented in the sample selected from 1970

census units. However, it has been esti-
mated that, nationally, there were about
600,000 conventional new construction
units built after April 1970 whose per-
mits were issued prior to January 1970
{most of which were issued in 1968
and 1969). Although it is not known
exactly, an estimated 1,000 conventional
new construction units in this SMSA
had permits issued prior to January 1970
and, therefore, were missed by the 1974
AHS-SMSA survey. This estimate was

obtained by applying the national re- '

lationship, between the number of units
authorized by 1968 and 1969 permits
and the number of those units built
after April 1970, to the number of units
authorized by the 1968 and 1969 permits
for this SMSA.

In addition, unlike the procedure for
conventional new construction, there is
no sampling procedure specifically for
new mobile homes {and trailers) in
permit-issuing areas. However, new
magbile homes in permit-issuing areas do
come into sample if the mobile homes
are located in mobile home parks, identi-
fied as such in the 1970 census. Nonethe-
less, new mobile homes in permit-issuing
areas that are located in mobile home
parks, not in existence at the time of the
1970 census or not identified as such in

the 1970 census, have no chance of
coming into the AHS sample. Although
it is not known exactly, it is estimated
that no new mobile homes in permit-
issuing areas were missed by the 1974
AHS-SMSA survey in this SMSA. This
estimate was obtained by applying the
relationship for this SMSA, between total
units built between 1965 and 1970,
and mobile homes built between 1965
and 1970, to the AHS estimate of total
units built since April 1970. The second-
stage ratio estimation procedurs was
employed to reduce the effect of both
these deficiencies, although some bias
in the AHS sampla stili exists.

With respect to errors associated with
processing, the rounding of estimates
introduces another source of error in the
data, the severity of which depends on
the statistic being measured. The effect
of rounding .is significant relative to the
sampling error only for small percentages,
median number of persons, and median
number of rooms when these figures are
derived from relatively large bases. This
means that confidence intervals formed
from the standard errors given may be
distorted, and this should be taken into
account when considering the results
of the survey.
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